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POSITIVE CONTROL OF MATERIALS IN morion 
\ CONTEC 


B-I-F MODULAR DESIGN 


increases versatility, cuts maintenance 
in time-duration telemetering receivers 


Chronofio in both 


compact 4" strip chart and 12" circular chart receivers 


completely redesigned to meet today’s demands! 


POWER SUPPLY MODULE 


POWER POSITIONER MODULE 


High, enduring accuracy better than 0.5% of full 


scale over 5:1 flow range (10:1 optional at extra cost). 


High speed operation, high repeatability due to 
new compact, balanced-movement design of power- 
positioner mechanism 


Application versatility up to 8 alarm or control 
switches for compact 4” recorder up to 16 for 12” 
circular chart receiver. Potentiometer for electrical 
summation and data logging-computing. (Switches and 
potentiometers optional.) 


Faster, quieter response, low power consumption . . . 
DC power supply nominally rated at 35V ... 121020 
watts depending upon arrangement. 


Industries 


BUILDERS PROVIDENCE + PROPORTIONEERS + OMEGA 


METERS + FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


For complete details, request literature TH-C, free of charge. Write 
on company letterhead for B-I-F’s new 52 page Telemetering Hand- 
book available at $2.00 per copy. B-I-F Industries, Ine., 368 
Harris Avenue, Providence 1, Rhode Island. 
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SEALED ELECTRODE FLOATLESS PUMP CONTROLLER 


A new and valuable accessory for Sewage And Drain- 
age Sump Pumps .. . exclusively available with 
"Chicago" Pumps. 


Ihe SEALTRODE* Sealed Electrode Floatless Pump Con- 
troller has every advantage of other floatless controllers, plus 
these advantages of being sealed: 


@ Electrodes never become insulated and coated with 
grease, oil or soap. 


Electrodes are never affected by corrosive elements 
in sewage and drainage water. 


No moving parts in liquid. 


Low original cost . . . eliminates need for duplex 
float switches and float guide pipes. 


Low maintenance cost. 


TYPICAL 
PUMP 
APPLICATIONS 


SEWAGE SUMP 
PUMP PUMP 


SIMPLE OPERATION 


As liquid level rises in wet well it ‘i 

exerts a hydrostatic pressure on : Pat. No. 2,797,702 
flexible bulb filled with electroly- 
tic solution of clear water and 
copper sulphate. The hydrostatic Write direct, or contact Chicago Pump Company Dis- 
pressure squeezes bulb, causing tributors located in most principal cities, for bulletins 
solution to rise in support pipe. . . 

always equal liquid level in which 
controller is submerged, since the 
density of both liquids are equal. 


As liquid within support pipe rises FOOD MACHINERY AND CHEMICAL CORPORATION 
and falls, it makes and brecks 
elocivieal clecelic the elec. HYDRODYNAMICS DIVISION 


trodes, activating the pump start- 
CHICAGO PUMP 


ers through controller relays. oon 


Putting Ideas to Work 


22€ DIVERSEY PARKWAY CHICAGO 14. ILLINOIS 


© 1960 Chicago Pump 
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Nestled among some of the most beautiful 
hills surrounding busy metropolitan 
Pittsburgh is the attractive community 

of Pleasant Hills, Pennsylvania. 

This rapidly growing suburban area 
is not only providing gracious living for 
its residents but also effective and modern 
sewage treatment facilities. 

Consoer, Townsend and Associates, 
Consulting Engineers, designed the 
Pleasant Hills plant which includes two 
P.F.T. 65’ Floating Cover Digesters 
and P.F.T. Gas Safety Equipment. 

Pleasant Hills will dedicate its new plant 
this year. P.F.T. congratulates the 
community and its civic leaders for 


their progressive thinking and planning. 


Aerial shows P.F.T.'s two 65’ Floating Covers at new plant 


PORT CHESTER, N.Y. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


* SAN MATEO, CALIF. e CHARLOTTE, N.C. ¢ JACKSONVILLE © DENVER 
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g NICHOLS HERRESHOFF 


wos 
EMERGENCY CAMPER 

OPENS ON POWER OF 

WATER STOPPAGE 


for 
SLUDGE, GRIT, 
SCREENINGS, 
and GREASE 


Interior view of Herreshoff showing steel 
shell, central shaft and refractory hearth 


NICHOLS HERRESHOFF SLUDGE FURNACE under construction. 


BURNING FLOW DIAGRAM 


This rugged Herreshoff multiple hearth furnace reduces sludge, grit, 
grease, and screenings to sterile ash. It disposes of any or all of these 
materials at upwards of 1400°F safely, surely, and simply. 

The Nichols Herreshoff furnace provides ultimate solids disposal with 
years of trouble-free service. 


For example, one of these furnaces has been in 7 years’ continuous operation 
—24 hours a day —7 days a week, without a shutdown. 


Another has been in use since 1952 without a shutdown. 


A 20 year study at two plants showed maintenance so low that material 
and labor costs actually averaged less than 45¢ per ton of dry solids burned. 


For complete details of Nichols Herreshoff furnaces write for 24-page 
Bulletin 238. 


And also write for our “Roto-Plug” Sludge Concentrator, Bulletin # RP 100. 


NICHOLS ENGINEERING & RESEARCH CORP. 


80 Pine Street, New York 5, New York 
3513 N. Hovey Street, Indianapolis 18, Ind. 
405 Montgomery Street, San Francisco, Calif. 
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ArTHuR R. Finney, Jr., Sec.-Treas., 4801 S. W 
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Platz 8, Bonn, Germany 
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Victor G. Wacner, Sec.-Treas., St. Dept. of 
Hith., 1330 W. Michigan St., Indianapolis 7, Ind 


Institute of Sewage Purification 
W.F Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 


Institution of Public Health Engineers 
Ernest V. Batsom, Sec., 179 Vauxhall Bridge 
Road, London, S. W. 1, England 


lowa Sewage and Industrial Wastes Assn. 
3 Sxorczesk!, Sec., 207 South 15th Ave., 
Marshalltown, Iowa 


Israel Assn. of Sewage Engineers 
Evrezer Barasua, Sec., c/o Technion, Israel Inst. 
of Tech., P. O. Box 4910, Haifa, Israel 
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Howarp F. Saicer, Sec.-Treas., 1900 East Ninth, 
Wichita, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Loulsiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas., P. O. Box 895, 
Water Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
W. M. Brnctey, Sec.-Treas., c/o State Dept. of 
Health, 301 W. Preston St., Baltimore 1, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bldg., Lansing 4, Mich. 


Mississippi! Sewage and Industrial Wastes 
ssn. 
New G. McMauon, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss. 


Missourl Sewage and Industrial Wastes Assn. 
Jack K. Situ, Se reas., ater Pollution 
Control Bd., 112 W. High, P.O. Box 154, Jeffer 
son City, Mo 

Montana Sewage and Industrial Wastes Assn. 
A. W. Crarkson, Sec.-Treas., Div. of Environ 
Sanit., State Board of Health, Helena, Mont 


* Sewage and Industrial Wastes Section 


WPCF MEMBER ASSOCIATIONS 


Nebraska Sewage and Industrial Wastes Assan. 
Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr. 


New England Sewage and Industrial Wastes 
Assn. 
Eart R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn. 


New Jersey Water Pollution Control Assn. 
ANTHONY T. Leaney, Sec.-Treas., P. O. Box 32, 
West Trenton, N. J. 


New York Sewage and Industrial Wastes Assn. 
Ratpw C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., White Plains, N. Y. 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davis, Hon. Sec.-Treas., Auckland Metrop 
Drain. Bd., P. O. Box 208, Auckland C. 1, New 
Zealand 


North Carolina Sewage and Industrial Waste 
Asan. 
T. Z. Ossorne, Sec.-Treas., Rm. 309 Municipal 
Bldg., Greensboro, N. C 


North Dakota Water and Sewage Works Conf.* 
V aN Hevuveren, Sec.-Treas., State Dept. of 
Health, Bismarck, N. Dak 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

E. B. Ransom, Sec.-Treas., Div. of San. Engr., 

Dept. of Hith., 101 N. High St., Columbus 15, O 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla 


Pacific Northwest Pollution Control Assn. 
Gu.pert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 


Pennsylvania Sewage and Industrial Wastes 
Assn. 
R. Harvey, Sec.-Treas., c/o Pennsylvania Dept 
f Health, 996 So. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Assen. 
Ropert J. Auto, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Verne E. Pratu, Sec.-Treas., P. O. Box 149, 
Englewood, Colo 


South Carolina Water and Sewage Works 
Asan.* 
Rorert N. Bowen, Sec.-Treas., 417 Wade Hamp- 
ton Bldg., Columbia, S. C 


South Dakota Water and Sewage Works Conf.* 
Don C. Kapa, Sec.-Treas., Div. of San. Engr., 
State Board of Health, Pierre, S. Dak 


(Sweden) Fireningen fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Prerre Witpt, Sec., Hegemmatt 28, Zurich 2/38, 
Switzerland 


Texas Water and Sewage Works Assn.* 
G. R. Herztk, Jr., Sec.-Treas., Div. of San. Engr., 
State Dept. of Health, Austin, Tex 


Utah Water Pollution Control Assn. 
A. ANperTON, Sec.-Treas., 2500 S. State 
St., Salt Lake City 15, Utah 


Virginia Industrial Wastes and Sewage Works 
Assn. 
Orvat J. Hann, Sec.-Treas., Hercules Powder Cv., 
Hopewell, Va. 


West Virginia Water Pollution Control Assn. 
Gien O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va. 


: 
| 

| 

aS; | 
| 

| 

| 
| 

| 
| 


Flow Pressure Valve Control 
Pump Control 
\ 
= 


Unattended Pumping Station 


with Simplex Orthoplex 
Supervisory Control 


ORTHOPLEX SYSTEM can pay for itself 


during the first year of operation. 


ORTHOPLEX assumes the responsibility for 
automatically controlling remote pumping 
stations, control valves, elevated tanks, res- 
ervoirs — FREES PERSONNEL FOR 
MORE IMPORTANT JOBS. 
ORTHOPLEX can be installed to operate 
with most existing flow- and level-sensing 
devices without change or with the addi- 
tion of new low-cost devices. 
IMPROVED DESIGN reduces maintenance 
to the minimum by the elimination of all 
vacuum tubes, motorized timers and motor- 
ized sequence switches. 

AS MANY AS 29 CHANNELS over a single 
pair of wires—private or telephone. 

FOR COMPLETE INFORMATION, send us 


your requirements. 


*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
equipment and experience in solving 


problems involving fluids. 
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Cut costs, improve efficiency— 
automate your present water system 


FLUIDICS’ art 


Central Control Station 


SIMPLEX 


a division of PFAUDLER PERMUTIT INC. 


Lancaster, Pennsylvania 


Specialists in FLUIDICS... the science of fluid processes 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 
Virginia June 1 John Marshall Hotel, Richmond 
Central States June 15 Lorraine Hotel, Madison, Wis. 
Ohio » 15 Neil House, Columbus 
Iowa 5 Ottumwa Hotel, Ottumwa 
ISP (England) 21-2 Searborough, England 
Pennsylvania ; y Pa. State Univ., University Park 
Georgia Sept. { Georgia Inst. of Tech., Atlanta 
South Dakota “pt. 7-4 Grand Hotel, Watertown 
Kentucky-Tennessee ; Andrew Jackson Hotel, Knoxville, Tenn. 
Missouri . 25-% Hotel Governor, Jefferson City : 
North Dakota : Grand Pacifie Hotel, Bismarck 
Pacific Northwest . 20-22 Mareus Whitman Hotel, Walla Walla, Wash. 
Rocky Mountain 24-26 Broadmoor Hotel, Colorado Springs, Colo. ‘ 
Canada : Statler Hotel, Buffalo, N. Y. 
New England 26-27 Taft Hotel, New Haven, Conn. 
North Carolina ] ¢ . E. Lee Hotel, Winston-Salem 
Florida a } Galt Ocean Mile Hotel, Fort Lauderdale 
Oklahoma I ; 3 State University, Stillwater 
Indiana Nov } Hotel Washington, Indianapolis 

* See preceding left-hand page for full name. 

THIRTY-THIRD ANNUAL MEETING 
Water Pollution Control Federation 
Host—Pennsylvania Sewage and Industrial Wastes Association : 


Philadelphia, Pennsylvania 


Technical Meetings and Exhibits—Convention Hall 


Hotel Headquarters—Sheraton 
October 2-6, 1960 
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M.O.P. 7-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 
64 pages 
68 references 
$1.00 to members; $1.50 to others 


see coupon on p. 296a 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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This is the chlorinator you can be proud of. Its handsome modern appear- 


ance reflects the advanced technology of its working parts. It is the first 


chlorinator ever to offer a complete regulator system in a single stack. There 
is no frail piping. Not even traces of moisture can feed back from the ejector. 
Any vacuum interruption stops operation ... instantly closes the chlorine 
inlet valve. We believe it to be—inherently—the safest, most dependable, 
and most accurate chlorinator ever devised. It is also the most controllable. 
Controlomatic models accept any imaginable type of signal, use it to feed 
up to 2000 pounds per day of chlorine according to any control mode you may 
choose. Because of its advanced design, because of its corrosion-proof con- 
struction, we firmly believe that this is the chlorinator that will never— 


never—grow old. 


If vou choose to buy one of these 

chlorinators sight unseen, on our say-so, 

we can deliver immediately from warehouse 
stocks across the country. If not, your 

local F& P field office will be happy to 
demonstrate the 3400 Series at your plant, 

at your convenience. Call for an appointment. 
Or, write for complete information in 

Catalog 70C 3400. Fischer & Porter Company, 
1160 Fischer Road, Warminster, Pa. 


FISCHER & PORTER COMPANY 
INSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER (CANADA) 
LTD. DOWNSVIEW. ONTARIO e FISCHER & PORTER LTD.. WORKINGTON. CUMBERLAND, ENGLAND e FISCHER & PORTER GmbH, 
GROSSELLERSHAUSEN, BE! GOTTINGEN, GERMANY e FISCHER & PORTER NV. KOMEETWEG 11, THE HAGUE, NETHERLANDS e FISCHER & 
PORTER Pty. LTD., 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA 
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x-ViT 


A PACKAGED PUMP STATION 
THAT MEETS ll 
REQUIREMENTS 


& ADVANCED DESIGN FOR GREATER EFFICIENCY 
Compare motor and pump assembly of this duplex sewage pump station with any 
other and see the TEX-VIT superiority. Individual shaft for each pump and each 
motor. Four bearings per assembly instead of the customary two. Heavy steel shell, 
completely protected from corrosion. 

DIRECT PRESSURE CONTROLS FOR EXTRA RELIABILITY 

Exclusive TEX-VIT controls are actuated by pressure variations within the wet well. 
No compressor to maintain; no floats or other moving parts in the wet well. 
IMPROVED AIR CIRCULATION AND CONDITIONING 

Extra large blower provides complete change of air every 60 seconds. Air inlet and 
outlet are at opposite sides of station to prevent short circuiting of air. Refrigeration- 
type dehumidifier. 

SUPERIOR COMPONENTS FOR EXTRA DEPENDABILITY 

Pumps, motors, controls, and other components bear the brand names you would 
expect to find in a Who’s Who of American Industry. You know you are getting 
the best when you specify TEX-VIT. 

INSTALLATION TESTED AND PROVED 

TEX-VIT packaged pump stations are setting new standards. Names of muncipal and 
industrial users furnished on request. 

Let TEX-VIT help you with your sewage lift problems. TEX-VIT also makes 
pneumatic ejectors and packaged ejector stations. 


TEX-VitT 


SUPPLY COMPANY 


MANUFACTURING DIVISION 
Dept. F-6, Box 117, Mineral Wells, Texas 


Write for bulletin No. PS-60 
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“They're both dressin’ 
real fancy since 


we're savin’ 


so much on Tyton.” 


SEWERAGE AND 
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TYTON 


ONLY FOUR SIMPLE ACTIONS 


saving’s 
in style again! 


Today ... figuring costs .. . you need a 
sharper-than-ever pencil. And the closer and 
sharper you figure, the more you need Tyton™ 


The facts: Tyton Joint® pipe is easy to assemble... 
Insert gasket with gr 
can be laid faster even by green crews. yet eyed 


2 simple hand operation 


ve over bead in gasket seat 
§: Tyton cuts overhead, bookkeeping, storage costs— 
only one accessory needed. It increases working 
days ... can even be laid in rain or wet trench. 
Simple, speedy, sure, Tyton Joint pipe is tailormade 
to meet today’s rising costs. Judge for yourself. 

For the full story, write or call. 


U.S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


Wipe film of Tyton Joint™ lubricant over inside of 


gasket. Your receiving pipe is ready 


Insert plain end of entering pipe until it touches 
gasket. Note two painted stripes on end 


Push entering pipe until the first painted stripe dis 
appears and the second stripe is approximately flush 


INDUSTRIAL SERVICE with bell face. The joint is sealed... bottie-tight 


permanently! The job's done fast, efficiently, 
economically. Could anything be simpler? 
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INERTOL PAINTS PROTEC 


MULTI-MILLION-DOLLAR MIAMI PLANT 


Partial view of new Sewage Treatment Plant, 
City of Miami, Florida . . . buildings, tanks, 
equipment . . . protected with Inertol Paints. 


| 


On Virginia Key, three miles off the 
Florida mainland, stands Miami's new 
$10-million sewage treatment plant, heart 
of the new $27-million sewerage system. 
To protect this costly installation against 
the ravages of corrosion, fumes, conden- 
sation, salt air, heat and humidity, rugged 
Inertol coatings were specified (Consult- 
ing Engineers: Metcalf and Eddy, Boston, 
Massachusetts ) . 


Buildings, the four 105’-diameter 
digesters, the towering chimney structure 
and other surfaces are protected eco- 
nomically and efficiently with Ramuc® 
Masonry Paint. Thousands more square 
feet of area of this 47-MGD plant are 
guarded with other corrosion-resistant, 
attractive Inertol coatings. 


Buy Inertol paints direct from the 
manufacturer. Shipment within three days 
from our plant, or from nearby warehouse 
stocks. Write for free booklet S-754, 
“Principal Types of Protective Coatings.” 


& 


SPECIFICATIONS FOR 
RAMUC MASONRY PAINT 

A chlorinated natural rubber-base paint 

in color. Flat finish. For exterior above- 

grade masonry. Unaffected by masonry 
lime. Highly weather- and fume-resistant. 

No mottling. 

Colors: Color Chart 563. 

No. of coats: Two (if semi-gloss finish 
desired, specify semi-gloss type for top 
coat). 

Coverage: 150-250 sq. ft. per gal. per 
coat, depending on surface texture. 

Approx. mil thickness per coat: 1.5. 

Drying Time: 24 hours. 

Primer: None. However, to minimize 
efflorescence, specify one coat of Pluvol* 
as primer. 

Thinners: Inertol Thinner 2000-A for 
brushing; 2000, for spraying. 

Application: Brushing: As furnished. 
Spraying: First coat must be brushed. 
For spraying, add sufficient Thinner 
2000 (10-15%). 


“Registered Trademark. Write for information on Pluvol, invisible silicone water-repellent. 
A complete line of quality coatings for sewage, industrial wastes and water plants. 


INERTOL CoO., Inc. 


482 Frelinghuysen Ave., Newark 12, N. J. * 27-H South Park, San Francisco 7, Calif. 
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MODERN TOMORROW 


Plant Superintendent: Harold W. Augenstein 
Cc Iting Engi s: Consoer, Townsend & Associates, Chicago 


HAMILTON, OHIO, PLANT 


Primary tanks with Rex Conveyor Sludge Collectors 
and Roto-Skim Pipes. 


Final tanks with Rex Unitube Tow-Bro Sludge Removers. 


Planned For Peak Performance 


The Hamilton, Ohio, new split activated sludge 
sewage treatment plant is a tribute to sound plan- 
ning that considered not only today’s but tomorrow’s 
requirements. In anticipation of a substantial popu- 
lation and industrial expansion, the planning team 
designed a plant that would provide maximum 
efficiency with adequate reserve capacity for future 
growth of the community. 

The new plant has a designed average flow of 12 
m.g.d., with a maximum designed flow of 18 m.g.d. 
handling both municipal and industrial wastes. In 
the design of the Hamilton plant, maximum utiliza- 
tion of available area was accomplished through a 
compact arrangement of the treatment units by using 
common wall construction throughout. 

The grit chambers, equipped with Rex Chain and 
Bucket Grit Collectors, and the rectangular primary 
tanks, with Rex Conveyor Sludge Collectors and 
Roto-Skim Pipes, are neatly grouped with the rec- 
tangular aeration tanks and the three square final 
tanks. Future expansion of these units with a mini- 
mum of cost is guaranteed. 


In the final tanks, Rex Unitube Tow-Bro Sludge 
Removers assure maximum flexibility in operation 
... both today and for years to come. With more 
positive and gentle removal of sludge, the Tow- 
Bro provides ample facilities for efficient operation 
under varied conditions. 

Rex Waste Treatment Engineers are available to 
help design and select equipment for modern plant 
performance as at the Hamilton, Ohio, plant. For 
complete information, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wisconsin. 


CHAIN BELT COMPANY 


Specialized Equipment for the Effective Treatment 
of Water, Municipal and Industrial Wastes, 
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sure Pipe... 


FOR RELIABLE 


PLANT PIPING 


In congested plant areas housing vital and 
costly equipment, major piping materials 
must, above all, be reliable. Conclusive evi- 
dence of concrete pressure pipe’s reliability 
lies in its unexcelled record for durability, 
trouble-free service and exceptional safety. 

Plant piping must also be adaptable. The 
tailor-made characteristics inherent in con- 
crete pressure pipe design make it an ideal 
material to meet the complexities of accu- 
rate entry into structures, and of precise 
juncture with other types of pipe and fit- 
tings within the limited confines of plant 
buildings. 

Dependable, maintenance-free, and with 
sustained high carrying capacity, concrete 
pressure pipe assures reliable plant piping, 
whether for water or sewage treatment 
plants, for industrial supply lines, or for 
cooling or process water systems. 


WATER FOR GENERATIONS TO COME 


ome 


ONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street, Chicago 1, Illinois 
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George David, Superintendent of 
Sewage Treatment Plant, Canton, 
Ohio, teamed with Tom Enright of 
the Day & Maddock Co. to set up 
this efficient time-saving, money- 
saving sludge remover. 


Recirculation and Cleaning Pump solves Canton Digester Problem 


Gorman-Rupp Sewage Pump cleans 
with no downtime and major savings 


Problem—To remove 7-years’ accumula- 
lation of sludge from 10 huge digesters. 
With mechanical shoveling devices, it cost 
$5000 to clean only one digester. And dur- 
ing cleaning, digester was totally inopera- 
tive for 6 weeks. 

Answer—A Gorman-Rupp Model 16A2-B 
Pump. Its unique action first agitates sludge 
into a common mixture by circulating 
digester liquid under pressure. Then, with 
valves reversed, pump draws off liquid and 
suspended solids for disposal. 


Result—Each digester could be cleaned in 
only 21 days. Only outlay is cost of 6” 


pump, electric motor, and labor of open- 

ing and closing 2 valves twice a day. 

4"’ and 6’’ pumps can be connected to 

your power or ordered complete with power 

units. Write for complete specifications. 
Fast Action End Plate. Releases for 
access to impeller and renewable 
wear plate. Impeller is 2-vane trash 
type that handles spherical solids 
up to 24” in diameter. 


THE GORMAN-RUPP COMPANY 
305 Bowman Street * Mansfield, Ohio 


Gorman-Rupp of Canada, Ltd., 
St. Thomas, Ontario 
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100% FLUID CONTROL AT YOUR FINGERTIPS 
with Homestead Lubricated Plug Valves. When open, they provide full 


pipe - sized passage to fluids. Closed, their controlled high pressure lubricant 


system, plus extremely close plug and body tolerance, guarantee a com- 
plete chemical seal—positive shut-off without contamination of line fluids. 
Instant response is sure, too, because piston-like movement of plug during 
each lubrication prevents sticking. They are low in first cost—low in upkeep. 


Write for complete details. 


48 
Gentlemen: Please send me Catalog 39-1 and prices 


how on Homestead Lubricated Plug Valves 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48, Coraopolis, Pennsylvania 


Cutaway drawing of Type C 
Flotator-Clarifier, a center column 
supported unit suitable 

for tanks to 100 ft. diameter 
Beam supported mechanisms 

are available for smaller tanks. 


Specifically designed to handle waste flow 


surges yet operate efficiently during peri- 


ods of low flow, the Flotator-Clarifier rep- 


resents a new concept in clarification. 
Through a combination of dissolved air 
flotation and conventional sedimentation 
in a single tank, all types of solids—settle- 


able, floating and those which tend to re- 


Bulletin 
features 
Bulletin 


of the Flotator-Clarifier. 
B-292 describes ti 
Isleton installation in m tail: 


 Cepies are yours on requ: 
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EIMCO-PROCESS FLOTATOR-CLARIFIER PROVIDES 
EXCELLENT REMOVALS ON WIDELY VARYING FLOWS 


main in suspension—are rapidly removed. 
Septicity and odor formation are mini- 
mized, and suspended solids, C.O.D. and 
B.O.D. removals equivalent to those of a 


conventional clarifier are obtained in about 
half the tank area. 
The Flotator-Clarifier is available in a 


variety of types, sizes, modifications, and 


SM-1008 covers desian 
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. another outstanding installation 


Partial feed pressurization and recirculation are features of this 32 ft. dia. Flotator-Clarifier 
at the Isleton, California, primary sewage treatment plant. The unit provides proper treat- 
ment of seasonal peak loads of cannery wastes, yet operates during periods of low flow 
without creating septic or malodorous conditions. Solano Engineers Associated, Vallejo, 


Calif., were the consulting engineers responsible for the design of this plant. 


with complete or partial pressurization. 
It is ideally suited to primary clarification 
in sewage treatment; oil, grease and other 
suspended solids removal from trade 
wastes; and removal or recovery of finely 
divided solids and low specific gravity 
liquids from industrial process streams. 
This Eimco-Process design innovation 


THE EIMCO CORPORATION 


B-617 


has been proved in a number of installa- 
tions operating with excellent results. If 
you are concerned with the treatment of 
sewage or wastes with widely varying flows 
or composition, it will pay you to con- 
sider use of the Flotator-Clarifier. You will 
find no other equipment possesses its econ- 
omy, flexibility and wide application. 


Process Engineers Division 
420 Peninsular Avenue, 
San Mateo, California 
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GOES BED 


WITH ITS 
WORKING 
CLOTHES 


From the moment it is installed, 
cast iron pipe begins working— 
will deliver its full flow of water 
for over a century. 


Here in Kansas, as part of a 
major water expansion program, 
15,000 feet of cast iron pipe were 
put to bed. Ease of assembly, 
bottle-tight joints, and assured 
full-flow capacity through cement 
lining were important factors in 
the selection of cast iron pipe. 

An interesting feature was the 
uncovering of distribution mains 
constructed of cast iron pipe man- 
ufactured in 1887. The pipe was 
in excellent condition and was 
put back in water service. 

Cast iron pipe is always work- 
ing. In fact, once it is installed, 
one can generally anticipate no 
major repairs or replacements 
for at least a century. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


IOWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


IOWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


White Topay for 


IOWA FLAP VALVES—all 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 


in lines having both seating and unseat- 


IOWA SHEAR GATES—either ail iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame 


ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


| IOWA. company 


A Subsidiary of 


For 50 years a reliable source for James B. Clow & Sons 


precision engineered products 


/ \ Oskaloosa, lowa 
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The HEART of the Flexible 
“Automatic” SEWERODER 


@ Hardened Steel Drive Dogs, 
spaced between endless dual 
chains, provide controlled, non- 
slip power up to 4,000 Ibs., no 
matter how greasy or muddy 
the rods may be. 

@ The Safety Overload Clutch 
protects pipe, rods, machine. 

Easily adjustable to relieve on 
predetermined overloads. 

@ The Footage Meter is syn- a. oe 
chronized with rod drive for t — F lexible” repr esent- 
pin-point tool location. Its ac- ative will be glad sabi 
curacy eliminates costly guess- — facts ant Fares = 
work in locating broken pipe. wells for 

Brochure. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 SOUTH ZANGS BLVD., DALLAS, TEXAS 


28ha 
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COMPLETE LAB FACILITIES AND MATERIALS 
FOR UP-TO-DATE WASTE WATER ANALYSIS 


Even a newly-hired chemist can start the 
official tests within minutes with the revo- 
lutionary Fisher-Hatfield Sewage Testing 
Unit. Everything for up-to-date water anal- 
ysis is included—neatly and systematically 
organized by specific tests. All test materials 
—from a BOD incubator to a red wax pen- 
cil—can be obtained on one order, from 
one source! 

Developed by Fisher engineers and Dr. 
William D. Hatfield, “dean” of American 
Sanitation Chemists, the unit has many 
built-in, speed-inducing features. Included 
are a glassware rinser, dual water fixture 
(for distillation and water vacuum work 
simultaneously at the same cup-sink), auto- 
matic 2-ml pipets and reagent block. Easy 
to install, the “‘packaged lab” provides for 
analysis of incoming sewage, digestor prod- 


ucts, sludge and effluent. Four models (each 
complete with furniture, instruments, ap- 
paratus and chemicals) to handle nearly 
every plant requirement—from the small 
town (population under 7,500) to cities 
(over 25,000). 

The “heart” of the Fisher-Hatfield sys- 
tem is a 5-ft-wide Fisher Unitized sink and 
a 4-ft-wide, 3-drawer lab bench. Drawers 
are subdivided into compartments to en- 
able new personnel to learn the various tests 
quickly, since equipment for each test is 
supplied in the proper quantity, quality and 
grouping—at the operator’s fingertips. 


SEND FOR FULL DETAILS 


. in the 16-page booklet on the Fisher- 
Hatfield Sewage Testing Unit, 135 Fisher 
Building——Pittsburgh 19, Pa. B-115b 


FISHER SCIENTIFIC 


America’s Largest Manufacturer: Distributor ef Laboratory Appliances & Reagent Chemicals 


Boston 
Buffalo 


Charleston, W.Va. 


Chicago 


Cleveland 
Detroit 
Houston 
New York 


Philadelphia 
Pittsburgh 
St. Louis 
Washington 


IN CANADA 
Edmonton 
Montreal 
Toronto 
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At the modern 
sewage treatment plants 
in these cities 


C-E RAYMOND 


is the choice for sludge disposal 


Here are some reasons why the C-E Raymond Flash Drying and Incineration 
System has been selected by treatment plants throughout the country. . . 


Flexible — It reduces filter cake to non-lumpy 
particles of uniform low moisture content 
without scorching...a product very suitable 
for use as soil conditioner ... or if sludge 
characteristics render it unfit for this use, 
quickly incinerates it to a sterile ash. It is 
available with high temperature deodoriza- 
tion and fly ash collection. 

Efficient — It assures built-in plus-perform- 
ance for effective and controlled drying of 
filter cake with high thermal efficiency. This 
means less fuel cost penalty when incinerat- 
ing low heat-content sludges since design 
thermal efficiency can be consistently main- 
tained. 

Advanced — It incorporates small groups of 
arch bricks individually hung from steel 
supports rather than relying upon self-sup- 


porting refractory arches. This requires 
little maintenance, makes arch failure vir- 
tually impossible, and permits rapid start- 
ups ... less than 30 minutes for furnaces 
capable of burning in excess of 120 tons of 
filter cake daily. It has the most fully auto- 
matic controls for drying and furnace oper- 
ation of any system available. 

Proven — It is the most widely used method 
for heat disposal of sewage sludge. More 
filter cake is dried and/or incinerated in the 
C-E Raymond System than in all other sys- 
tems combined. 

For further details contact the Combustion 
Engineering office nearest you. Our engi- 
neers will be happy to discuss, with you or 
your consultants, how this system can bene- 
fit your community. 


Communities in the United States which have selected C-E Raymond for sewage sludge disposal 


Baltimore, Md. Duluth, Minn. Lynchburg, Va. Schenectady, N. Y. 
Battle Creek, Mich. Fond du Lac, Wisc. Miami, Fla. Sheboygan, Wisc. 
Bethlehem, Pa. Galveston, Texas Neenah-Menasha, Wisc. Springfield, Mass. 
Bloomsburg, Pa. Harrisburg, Pa. New Aibany, Ind. Warren, Mich. 

Buffalo, N. Y. Houston, Texas New Rochelle, N. Y. Washington, D. C. 
Camden, N. J. Jefferson Co., Ala. Omaha, Neb. Waterbury, Conn. 
Chicago, Ill. Lansing, Mich. Petersbure, Va. Wyomissing Valley, Pa. 
Coral Gables, Fla. Los Angeles, Calif. Pittsburgh, Pa. York, Pa. 

Cuyahoga Falls, Ohio Louisville, Ky. San Francisco, Calif. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 1132 West Blackhawk Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Calif. 

Conede: 


ALSO FLASH DRYING AND INCINERATION FOR INDUSTRIAL WASTE DISPOSAL 


C-211A 
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How Lincoln, Ill., sewage plant SOLVED 
HEAVY GREASE LOAD PROBLEM 


with one Dorrco Vacuator® 


A large institution’s decision to grind all its garbage threw a 
monkey wrench into Lincoln’s plans for improving its sewage treat- 
ment plant. The institution was already a heavy grease contributor. 
Increased strength of the sewage would be tremendous. Calculations 
showed that Lincoln must be prepared to handle wastes equal to 
those of a town double its size! 

Could the town alter its plans, handle the heavier loads and do it 
efficiently and economically? 

It did — with the help of Dorr-Oliver equipment. In one major 
move a 26’ dia. Dorrco Vacuator was installed for primary treatment 
and the original settling tanks became intermediate tanks. In the 
first year of operation, BOD removal through the Vacuator ranged 
from 19 to 27% — averaging 22%. Suspended solids removed aver- 
aged 34%. Not only that, the Dorrco Vacuator proved it could reduce 
digester requirements by pumping thick sludge averaging 3.6% in 
solids content to the digester. In short, the Dorrco Vacuator was a 
vital factor in solving Lincoln’s problems — for years to come. 

Complete information on the Dorrco Vacuator is readily available. 
Ask for Bulletin No. 6301. Or write for details on the complete line 
of Dorr-Oliver equipment for sewage treatment. 


Pia f Low eA 


DORR-OLIVER 


WORLD-WIDE RESEARCH * ENGINEERING + EQUIPMENT 
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1959 Literature Review 


A REVIEW OF THE LITERATURE OF 1959 ON 


WASTEWATER AND WATER POLLUTION 


By TH. Heukecexian, Chairman, R. M. MANGANELLI, Vice-Chairman, E. J. Bera, 
H. ConneLt, W. E. Dospins, G. P. Epwarps, M. B. 


H. F: 


CONTROL 


Errincer, D. G. Foutke, T. peS. Furman, I. GetumMan, H. Harpine, 
C. Henperson, R. D. Hoax, P. E. Garrney, W. M. INGram, P. W. 
M. Karz, F. W. Kirrrewy, N. J. Larpreri, H. G. Luuey, 

P. H. McGavuey, W. A. Moore, N. L. Nemerow, R. PorGes, 

E. R. Roru, A. J. Sterren, C. Straus, C. M. Tarzwe.u, 

W. W. Towne, H. A. Tresier, E. C. Tstvoeiov, 


E. WEISBERG, AND R. L. Woopwarp 


Research Committee, Water Pollution Control Federation 


JOURNAL. 


This second of three sections of the Literature Review covers in- 
dustrial wastes, including radioactive wastes. 
sive coverage, the industrial wastes section on radioactivity is refer- 
enced separately from the discussion of other industrial wastes. 

The first section, dealing with analytical methods and sewage, 
was published in the May 1960 issue of THIs JOURNAL. 
section, on water pollution, will be published in the July 1960 issue of 


Beeause of the exten- 


The third 


Food Processing Wastes 
Canning 


Monson (112) described the experi- 
ences of a Minnesota canner using land 
irrigation as a method of waste disposal 
during the past 10 years. The first 2 
ridge and furrow application 
was used. The past 8 years, spray ap- 
plication was used. He concluded that 
the latter method has been quite sue- 
cessful and that much useful informa- 
tion has been obtained. 

Webber (170) presented a disserta- 
tion on infiltration, permeability, and 
storage capacity of soils, and on vegeta- 


years, 


INDUSTRIAL WASTES 


54 


tive cover for areas to be utilized for 
spray irrigation. 

A discussion of principles involved 
in the application of spray irrigation 
for waste disposal was given by Wil- 


liamson (173). The author also cited 
the disposal facilities at one factory. 
Another general article by Schrauf- 
nagel (141) on ridge and furrow ir- 
rigation and spray irrigation tech- 
niques covered several types of indus- 
tries, as well as food manufacturers. 
A paper by Blair (16) told that the 
removal of fat resulting from the man- 
ufacture of frozen ready-to-bake pies 
was accomplished by a Gibbs Air Flota- 


) 


Unit. The 
pretreatment before discharging wastes 


tion process was used as 
to the municipal sewerage system. The 
article the difficulties en- 
countered in the operation of the fa- 
cilities and gave possible solutions to 
the problems. 

Dunean (32) deseribed experiments 
conducted in Canada using total oxida- 
tion methods to treat pea and corn 
waste. Numerous difficulties were en- 
countered. Data given on the pilot 
scale denoted good reductions in COD. 
“economics were not discussed. 


(152) report de- 


deseribed 


An anonymous 


scribed treatment of waste at a pea 
washing plant in England. By sereen- 
ing and passing the liquid wastes 
through 2 upward-flow sand and 


gravel filters before discharging to the 
river, the treatment accomplished re- 
ductions from approximately 210 to 
40-60 mg/l in both BOD and 
pended solids. Sludge was settled out 
in the lower section of the filter. 
Pettet (120) stated that trade waste- 
waters containing only inorganie sub- 


Sus- 


stances could be treated by chemical 
but 
taining organic material, either natu- 
ral or synthetic, could be satisfactorily 
treated methods. 
The paper included discussion of sev- 
eral types of trade wastes. It also 
stated that anaerobic digestion methods 
of waste treatment have not yet been 
applied in Great Britain, but experi- 
ments are now in progress to investi- 
gate their use with several types of 
trade wastes. 


processes, most wastewaters con- 


only by biological 


control 
in a canning plant and methods for 
the pretreatment of wastes before dis- 
charge to the municipal sewerage sys- 
tem. Also cited were methods of re- 
ducing municipal surcharges. 

Kershaw (83) different 
pieces of equipment which could be 
‘water ’ Also dis- 

water conservation and 
treating equipment, the installation of 
which not only reduced water costs 


Gross 55 discussed waste 


discussed 
considered hogs.’ 


cussed was 
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June 1960 
but reduced waste disposal costs. The 
handling of solids and the methods of 
reducing BOD and suspended solids 
were covered. 

Porges and Towne (126) presented 
the and waste sources of 
potato chip manufacturing. The ar- 
ticle ineluded discussions of methods 
of housekeeping and waste disposal 
and the relationship between solids 
content and BOD, population equiva- 
lent, and water volume. 

Steffen (156), although from the 
meat industry, covered cleaning tech- 
niques and equipment, cleaning waste 
conservation, and control methods as 
applied to fruits and vegetables as well 
as to other allied industries. 

An anonymous (153) report gave a 
diagram and a description of a water 
recovery system using chemical treat- 
ment, filters, and a cooling tower. 
Water recovery was difficult because of 
the fouling caused by the contents of 
ruptured cans. A _ high 
water resulted. This installation was 
the first of its kind in England. 

Sampling procedures for determin- 
ing sewer service charges for a ecan- 


processes 


wastage of 


ning plant were discussed in an anony- 
mous (151) question-answer section. 
This article, informative to canning 
people, told when and how to sample 
effluent and emphasized cooperation be- 
tween municipal and industrial repre- 
sentatives. 

Kountz (86) discussed the ques- 
tion of discharging canning waste to 
city sewers with regard to seasonal 
problems and from the standpoint of 
pretreatment or no pretreatment, the 
amenability of wastes of different 
types, and the dumping of wastes ac- 
cidentally and for expediency. 

Kay (82) deseribed the burning of 
onion odors and chicken fat vapors at 
800°F in the presence of a catalyst. 
The result was an odorless, invisible 
exhaust composed mainly of carbon 
dioxide and water vapor. The oxida- 
tion catalyst was a brick size porcelain 
unit which consisted of 71 slender, 
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streamlined rods supported between 2 
porcelain end plates. 


Sugar 


Edeline and Leclere (36) reported 
investigations that were made at seven 
factories on the sedimentation of waste- 
waters. They concluded that pre- 
liminary sedimentation was desirable 
and that a good sedimentation tank re- 
moved at least 75 per cent of the 
sludge. Difficulties encountered were 
discussed and the data obtained were 
summarized as applicable to all sugar 
refineries. 

Kalda (77) described the complete 
study of discharging flume and process 
water, pulp silo drainage, and lime 
waste through lagoons at a South Da- 
kota sugar beet processing plant. Data 
were given on the characteristics of the 
waste from the lagoons and of the re- 
ceiving stream. 

The merits of five different methods 
for the purification and reuse of sugar 
beet diffusion and press waters were 
compared by Koval ef al. (89) based 
on investigations carried out at three 
sugar beet factories. They coneluded 
that rotary pulp catchers were efficient, 
that RT and tower diffusers were un- 
satisfactory and that suspended solids 
cannot be efficiently removed by filtra- 
tion. 


Dairy Wastes 


A revised milk waste publication 
(160) emphasized treatment by modi- 
fied activated sludge and by irrigation. 
Also included was a modified COD test 
which uses a glass syringe with con- 
trolled travel of the plunger for rapid 
and accurate measurement of the acid 
oxidizing reagent, and an oil bath for 
controlled heating of 14 test tubes 
simultaneously (six duplicate tests and 
controls). This test has been thor- 
oughly checked as it has been in com- 
mercial laboratory use for over eight 
years. 

Pester (118) made a study of the 
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variations in waste volume = and 
strength from a number of German 
dairies making cheese and butter. As 
could be expected, he found great 
hourly and daily variations in each 
plant and also great difference in water 
usage per unit milk volume in differ- 
ent plants. He feels that in design of 
waste disposal facilities not enough at- 
tention has been given to these varia- 
tions, although the literature in this 
country contains many warnings that 
design should never be based on less 
than one full week’s sampling in pro- 
portion to flow in the flush season of 
the year. The author tried to develop 
a quick test for waste strength by 
measuring transparency, but decided 
it was hopeless, mostly because whey 
is completely out of line. For in- 
stance, whole milk and natural butter 
milk at 110 mg/l BOD would show 40 
mm transparency, while the same 
transparency for whey would be ob- 
tained at 6,000 mg/l BOD and for 
skim milk at 500 mg/l. At 20 mm 
transparency, whole milk would have 
250 mg/l BOD, butter milk about 350, 
skim milk about 1,000, and whey pos- 
sibly 15,000 mg/l. The author finally 
admits that (as found by others) redox 
potential might be the best indicator 
for overloads in the treatment plant. 
In discussing various treatment meth- 
ods it is pointed out that 4-hr reten- 
tion should be provided in the final 
clarifier for modified activated sludge 
plants. 

Saal (139) reports on a whey dis- 
posal method consisting of deaerating, 
heating to 200°F, holding for 20 min, 
and removing the coagulated protein 
in a desludging centrifuge. An acid- 
alkali treatment is used at step 3 if 
more complete protein removal is de- 
sired. The precipitate is sold for 
animal feed and the deproteinated 
whey discharged to the sewer. Only 
25 per cent of the BOD is removed, 
which would appear to make the proc- 
ess prohibitive as a whey disposal 
method unless the precipitate could be 


- 
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used for human consumption and the 
remaining further utilized for 
lactose or yeast production. Of course, 


whey 


heat coagulation and alkali precipita- 
tion and filtration of protein from 
whey have been practiced for many 
years in lactose production. It is not 
stated if the deaeration and centrifug- 
ing steps will be more economical than 
the present use of filter presses. 

As was reported last year the East- 
ern Regional Laboratory of the United 
States Department of Agriculture has 
for some time been working on rapid 
conversion of whey to yeast for human 
consumption. This work has been eon- 
tinned by Wasserman et al. (169). In- 
organic nitrogen is added to improve 
yeast production and, if deproteinated 
whey (as mentioned above) were used, 
more nitrogen might have to be added 
although Ricotta cheese whey (which 
apparently did not 
require more nitrogen supplement than 
other types of whey. 


is low in protein 


Porges and Jasewicz 
a continuation of the diluted whey 
oxidation presented last year. 
These studies were conducted at 30°C 
(86°F 
the rate of 1.5 volumes per minute and 
dispersed with a turbine-type agitator. 
The fresh diluted whey was added to 
the aerated and the mixture 
aerated for 1.5 to 2 hr prior to settling 
for 1.5 to 3 hr. The supernatant was 
then siphoned off and aeration resumed 
until the next feeding. They give 
summary data for COD values at the 
beginning and end of a 61-day study 
which show that of the whey COD fed 
3.7 per cent went to inereased COD in 
the sludge retained in the system, 15.7 
per cent went to suspended matter in 


125) report on 
work 


Excess air was supplied at 


sludge 


the effluent and only 3.2 per cent was 


dissolved in the effluent. In other 
words, 77.4 per cent of the whey COD 
disappeared presumably by oxidation. 
When the supplemented 
with ammonia to provide a more favor 
able COD: N ratio of 30:1 
52:1 in the 


whey was 
instead of 


natural whey) a similar 
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61-day study showed a greater increase 
in sludge retained in the system and 
more suspended matter in the effluent. 
Of the COD in the nitrogen-supple- 
mented whey 4.5 per cent went to 
sludge retained in the system, 21.2 per 
cent went to suspended matter in the 
effluent, and 2.1 per cent was dissolved 
in the effluent. Only about 72.2 per 
cent of the COD in the nitrogen-sup- 
plemented whey disappeared by oxida- 
tion. The sludge COD oxidation rate 
was 5.2 per cent per day. Under the 
conditions of these experiments, sludge 
accumulated in the system. Nitrogen 
supplementation of the whey had no 
advantage. 

Forney and Kountz (46) reported 
on activated sludge total oxidation 
laboratory experiments using a syn- 
thetic waste consisting of a solution of 
soluble skim milk powder. They had 
six aeration cells in series and a square 
clarifier with hopper bottom. The 
waste was fed at a uniform rate to 
cell No. 2. Cell No. 1 served as a 
sludge aeration cell. It was claimed 
that total oxidation did oceur and that 
a solid equilibrium established. 
This required 0.075 lb of oxygen per 
day per lb of activated sludge at 75°F 
and the dry sludge solids weight was 
12 times the dry weight of the organic 
matter at equilibrium. However, the 
tabulated data seem to indicate 0.868 
Ib of cells were formed from the in- 
fluent and 0.123 Ib of cells (14.1 per 
cent) were lost in the effluent. A brief 
report by Kountz and Nesbitt (88) 
appears to be a summary of the above 
paper. 

In a more recent and more complete 
report by Kountz and Forney (87) the 
conclusions are that total endogenous 
oxidation is not possible within rea- 


was 


sonable times and sizes of equipment 
and that a residual of 20 to 25 per cent 
The actual 
loss of sludge is 2 per cent per day of 


of the new sludge remains. 


the total weight of sludge in the Sys 
tem. The equilibrium weight of sludge 


corresponding to this 2 per cent daily 


= 

¥ 
i 2 
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loss is 14 times the weight of the or- 
vanic matter in the daily feed. 
The Research Institute for Dairying 


in Kiel (Germany) has reported on 
tests of three different experimental 
dairy waste plants which have already 
been mentioned several times during 
the last three years, namely an Aero- 
Accelator installation (168) and an 
Aquapura installation (166) (both use 
modified activated sludge) ; and a Fer- 
robion trickling filter plant (167). 

The operation of the Aero-Accelator 
was described in last year’s review. 
Considerably more detail is given in 
the present report (168) with good 
sketches of the entire setup. It would 
appear that the type of aeration, agita- 
tion, and immediate and continuous 
sludge return provided in this unit 
should be ideally suited for the treat- 
ment of dairy although the 
authors state that the particular ar- 
rangement used in this experimental 
plant appears too expensive. 

The operation of the Aquapura unit 
was last year. This 
plant is more like a conventional modi- 
fied activated sludge plant except for 
the aeration both with compressed air 
and with a rotating horizontal finned 
steel drum like a Kessner 
brush aerator with steel fins instead 
of brushes) (166). While the tests 
showed fairly satisfactory results for 
both units, they are probably not in- 
dlicative of what they could do if op- 
erated fully automatic on 24-hr basis. 
For instanee, raw waste feed is regu- 
lated with a hand-operated valve in- 
stead of with some type of split weir 
arrangement. Also, there is no pro- 
vision for reeirculating effluent when 
the raw waste tank is empty. These 
facts alone would make it hard to get 
top efficiency and consistent test re- 
sults. 


wastes 


also deseribed 


(somewhat 


The Ferrobion process (167) uses a 
low rate trickling filter 27 ft in diam- 
eter and 9.5 ft deep. Daily, 33 Ib of 
Ferrosulfate is added to the screen pit 
ahead of the raw waste equalizing tank. 
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Daily waste volume is about 20,000 gal 
with an average 156-lb BOD content. 
The trickling filter was operated for 
about 16 hr per day with some recir- 
culation. The average BOD reduction 
was 92 per cent with final effluents 
running 72 to 195 mg/l BOD. It is 
stated that no benefit from the iron 
could be proven. Ponding occurred 
occasionally and had to be broken up 
with a pick. Odor difficulties also oe- 
curred. It would appear that if this 
unit were operated as a high-rate re- 
circulating filter 24 hr/day, more satis- 
factory performance could be obtained 
without iron and without ponding. 

Silvester (146) reports on the Brit- 
ish procedure of two-stage alternating 
trickling filter treatment. The in- 
fluent BOD is reduced from 1,000 to 
250 mg/l BOD by mixing with cooling 
water or effluent. The order of the 
filters is changed every 5 days. The 
speed of the distributor is kept down 
to 14 rpm in order to prevent ponding. 
Also, jets directed downward are used 
for the same reason. The loading is 
0.4 lb BOD/day/eu yd (both filters). 
The primary tank has 6-hr retention 
and the humus tank 3-hr_ retention. 
The digester has 60 days of retention. 
Final effluent contained 17 mg/l BOD, 
which is excellent. However, with the 
same organic loading, high-rate reeir- 
culating filters would presumably do 
just as well and without ponding or 
odor problems. The pumping cost 
would be higher but the labor cost 
lower. 

In regard to spray irrigation, the 
University of Wisconsin group (92) 
has published further data. The con- 
clusions contain valuable advice for 
the installation and operation of spray 
irrigation systems for dairy wastes. 

A report by Schropp (143) on spray 
irrigation in Germany is particularly 
concerned with the value of the waste 
to agriculture. A number of labora- 
tory experiments with dairy waste, 
whey, and cleaning compounds on 
grass and clover apparently indicate 
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that the fertilizer value may 
as important as the water. 


not be 
Schropp 
warns against 
10-per cent 


wastes containing over 


from trucks 


that 


whey or oil 


or engine rooms or wastes have 
started to decompose. 
briefly reports that labo- 


ratory studies using a mixture of skim 


Logan (96 


powder and domestic sewage on uni- 
form sand in a closed environment are 
made to determine the rate of 
oxidation under various loadings and 
the accumulation of BOD in the soil. 
Jens and 


being 


Heinemann (75) describe 
the disposal of about 5,300 gal of dairy 
waste per day from a plant processing 
up to 22,000 Ib of milk daily, by dis- 
charge to 2 ponds in series. 
was mixed with sufficient water 
to reduce the chemical oxygen demand 
(KMnOQ,) from 600 to 85 mg/l. The 
first pond had an area of 5,560 sq ft 
and the 12,900 sq ft. The 
second pond was seeded with 2 summer 
old carp at a cost of $12. 


The waste 


creek 


second 


The harvest 
of 3 summer old carp weighed 112 Ib 
and sold for $36, giving sufficient 
profit to pay for the annual upkeep of 
the ponds. The KMnO, COD at the 
end of the second pond was 25 mg/1I. 
The little 
(minimum 25 gpm) and showed spo- 
radie growth of grey fungus below the 
the fish pond, but, in 
general, the condition was satisfactory. 


creek carried very water 


discharge of 


Of course, at minimum flow of 25 gpm 
in the creek there hardly was sufficient 


water for dilution at the entrance to 
the first pond, so at times the second 
pond must have been discharging into 
a dry bed. 

Schroepfer and Ziemke (142) report 
on a three-year pilot-plant study of an 
anaerobie contact (waste fer- 
mentation with circulation in presence 


pre 


of an active anaerobie sludge) in whieh 
several runs were made with skim milk 
substrate. At 35°C with 4,000 to 10,000 
mg/l suspended solids, loadings of 
0.048 to 0.276 Ib BOD from skim milk 
per day per eu ft in the contact unit, 


a sludge age of 8.8 to 3.8 days, and a 
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raw flow detention period of 7.3 to 3.4 
hr gave BOD removals of 99 to 86 per 
cent. At 21 to 26°C, with 4,900 to 
8,800 mg/l suspended solids, loadings 
of 0.019 to 0.115 Ib BOD per day per 
cu ft in the contact unit, a sludge age 
of 25 to 4 days, and a raw flow deten- 
tion period of 9.3 to 2.3 hr gave BOD 
removals of 100 to 73 per cent. The 
absorption and _ stabilization of skim 
milk waste by anaerobic sludge agreed 
with the Michaelis-Menton theory of 
enzymatic reactions. At the same sol- 
ids concentrations synthetic milk waste 
anaerobic much higher 
sludge volume indexes than that from 
packing house waste. 


sludge shows 
As dairy wastes 
usually are quite warm and as ap- 
preciable waste heat is available in 
many milk plants, this process might 
well turn out to be economically ad- 
vantageous in some locations. 
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Meat Packing and Poultry 
Processing Wastes 


Van Luven (161) recommended con- 
servation and _ utilization measures. 
Successful disposal of paunch manure 
by the atomized suspension technique 
on a test scale was reported, but costs 
appear high. 

Studies in pretreatment to reduce 
BOD and solids were reported by 
Steffa ef al. (155). Air flotation was 
economically feasible but yielded a low 
grade grease; liquid-solid cyclone elas- 
sification showed promise but was not 
readily adaptable to the specific plant 
conditions under study; vacuum filtra- 
tion and centrifugation were successful 
but costs were excessive. Solution for 
this plant included segregation of 
hasher wash waters in a separate grease 
recovery basin, recirculation of settled 
effluent to hasher sprays, and recyeling 
the underfiow from vibrating screens, 
treating settled sludge, back to the 
basin influent. The authors make no 
claim to understand the reaction in 
this last step, but state that it doubled 
grease production. 

An eight-year study of the effect on 
crops and soils of spray irrigation of 
treated packing plant waste was sum- 
marized by Vollbrecht (162). Large 
soil lysimeters were used and _ results 
show that up to 1,000 mg/I sodium ean 
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be tolerated. Operating data on the 
full-scale irrigation program at this 
plant are given by Schraufnagel (141). 
Since the irrigating liquid is treated 
packing plant effluent, the results are 
also applicable to other treatment plant 
effluents. 

A two-part report on a three-year 
study of the anaerobic contact process 
by Schroepfer and Ziemke (142) de- 
scribes reaction of the process, in pilot 
seale, to packing plant wastes, a syn- 
thetic milk waste, and fatty acid and 
wood fiber wastes. Except for wood 
fiber wastes, which contain relatively 
little nitrogen and phosphorus, BOD 
removals of about 90 per cent were 
experienced at a contact unit loading 
of about 0.20 Ib/day/ceu ft at 35°C, 
For each increase of 0.10 lb loading 
within a_ limited range, removals 
dropped 2 per cent for packing plant 
and fatty acid wastes, 5 per cent for 
synthetic milk wastes, and 6.5 per cent 
for wood fiber. Optimum solids con- 
centration in the contact zone was 
12,000 mg/l, temperature 35°C, and 
BOD loading 0.10 to 0.20 Ib/day/eu ft. 
Final clarification (separator) over- 
flow rates ranged from 150 to 300 gpd/ 
sq ft on a raw flow basis, correspond- 
ing to a solids loading range of 50 to 
85 Ib/day/sq ft on packing plant 
wastes. High BOD removals are at- 
tributed to the temperature advantage 
and the high solids concentration in 
the mixed liquor. The effects of raw 
flow equalization, raw waste tempera- 
ture, and solids concentration in the 
contact portion upon the economies of 
the process are discussed. 

This anaerobic process was also 
studied in England by Hemens and 
Shurben (63), without degasification 
but employing a spiral-channeled eir- 
cular final clarifier designed to prevent 
short-circuiting of the warm influent 
across the top in an upper layer. 
BOD removal was 95 per cent at 0.10 
Ib/day/cu ft—appreciably less loading 
than reported for systems employing 
degasification. A patent (38) has 


il 
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been issued for a combined digester 
clarifier employing mixing and gravity 
separation without degasification 


Design statistics on an anaerobie 
contact process plant for pretreatment 
of packing plant wastes were reported 


by Hill (65 


an equalizing tank, a grit chamber, two 


The plant incorporates 


anaerobie contact tanks, four separa- 
tion tanks, and facilities for degasifica- 
and sludge recirculation. 

Krom a comprehensive study of the 
wastes from five poultry processing 
plants, Bolton (18) concludes that 
plants with water-flumed waste (‘‘flow- 
away’’) systems discharge about 6,000 
gal per 1,000 chickens, and those with- 
out flow-away systems about 2,600 gal 
per 1,000 chickens. For plants with 
blood recovery practices, 
BOD is about 25 |b per 1,000 chickens, 
and suspended solids about 15. With- 
out control of blood, BOD was re- 
ported at 40 lb per 1,000 chickens and 
suspended solids at 18. Efficient blood 
recovery, adequate screening for re- 
moval of and offal, and re- 
moval of gizzard contents at the poul- 
try plant prerequisites 
nomical treatment. 


reasonable 


feathers 


are for eco- 


Fermentation, Chemical, and 
Pharmaceutical Wastes 

Boruff (19 

covery in the fermentation industries, 


reviewed by-product re- 
emphasizing particularly 
in the grain distilling and brewing in- 
dustries. Recent in-plant improve- 
ments at one distillery permitting more 
efficient treatment of drum 
dryer vapors and dusts were shown 
BOD loadings by 31. per 
cent to 2,100 population equivalent per 
1,000 bushels mashed. Brewery waste 
loadings were found to have been re- 
duced by 


experiences 


recovery 


to reduce 


33 per cent in 15 years to 
12 population equivalent per barrel. 
Rottger (136 treatment of 
250 to 300 cu m per day of wort and 


deseribed 


distillery wash waters by spray irriga- 
tion over 45 hectares of barren sandy 
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soil with loeal 
Treatment facilities 
for a 20,000-gpd malting plant effluent 


are described in a 


admixture 
sanitary sewage. 


following 


recent paper (2), 
and inelude an equalizing basin, trick 
ling filters with recirculation, sedimen- 
tation tanks, and sludge drying beds. 
Eckenfelder (34) studied activated 
sludge treatment of brewery 
and reported data on BOD removal 
rates, oxygen demand and_ transfer 
sludge sedimentation and thick- 
and effects of pH variation. Six 
aeration of a 1,000-mg/l1 BOD 
with 4,000 mg/l sludge solids 
produced 90-per cent BOD reduction 
in 6 hr. 
Barker et al. 
aeration 


wastes 


rates, 
ening, 
hours 
waste 


(8) reported on turbine 
activated sludge treatment 
for pharmaceutical effluents. 
High per cent removals were obtained 
at loadings up to 400 lb BOD per 1,000 
eu ft aerator volume. 


studies 


Poor secondary 
performance prompted 
studies of flotation to be reported on 
separately. 


sedimentation 
Power requirements for 
activated sludge treatment were found 
to vary from 0.34 to 0.61 kwhr per Ib 
BOD removed. 48) reported 
on an evaluation of several composting 


Cabaceia 


methods for disposal of organic sludges 
pharmaceutical manufacturing. 
The method selected for full-scale ap- 
plication 


from 


modified multi- 
stage procedure using an open sanitary 
landfill property. 


involves a 


The sludges treated 
inelude those from antibiotie fermenta- 
tion, animal liver processing, animal 
stable manures, and sanitary sewage 
sludges. 

Dickerson ef al. (31) deseribed pre- 
liminary studies and activated sludge 
treatment facilities for tall oil purifica- 
tion wastes. These inelude oil separa- 
tion, settling and equalization, 30-hr 
activated sedimenta- 
tion and sludge reaeration, and excess 
sludge lagooning. Influent BOD ranges 
from 1,000 to 1.500 me 1 and is re- 
duced by 97 per cent during treatment 
with 3.000 to 4,000 me sludge solids. 
Christ pilot 


sludge aeration, 


(27) reported on plant 
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studies of biological treatment of par- 
affin oxidation process wastes.  Ef- 
fluents containing 13,500 mg/l BOD 
and 5,000-12,000 mg/l organie acids 
were successfully treated using a 2- 
stage system including trickling filters 
and activated sludge, each removing 3 
kg and 2.5 ke BOD per cu m, re- 
spectively, and producing a total BOD 
reduction exceeding 90 per cent. 
Greek and Rosenberger (54) discussed 
treatment of wastes from ethyl- and 
methyl-parathion insecticides produe- 
tion, containing hydrochloric acid, p- 
nitrophenol, organic phosphates, and 
solvents. Parathions are destroyed by 
addition of sodium carbonate follow- 
ing limestone neutralization, and the 
final effluent is discharged to a city 
sewerage system receiving activated 
sludge treatment. 

Gutzeit et al. (59) classified the 
available phenol recovery processes aec- 
cording to the inlet and desired outlet 
concentrations. Processes discussed in- 
cluded steam distillation, solvent ex- 
traction, biological treatment, and 
chemical oxidation. Process combina- 
tions are available capable of reducing 
phenol concentrations from above 2,000 
to below 1 mg/l. Reiter and Heller 
(132) described phenol recovery from 
tar dehydration wastes prior to coal 
tar fractionation. Counter-current ex- 
traction using the rotating dise ex- 
tractor was found successful in redue- 
ing phenolic content from 4,000 to 40 
mg/l, or a 99-per cent reduction. Sol- 
vents employed were selected because 
of their high distribution coefficients, 
low volatility, and water solubility, 
low freezing points, and their effective- 
ness over a wide pH range. 

Gabrilevskaya and Rubleva_ (49) 
found that wastewaters from produe- 
tion of butyl phenol required 1:15,090 
dilution to prevent odor nuisance in 
receiving waters, while following treat- 
ment the threshold was reduced to 
1:1,000. Tlarkness and Jenkins (61) 
studied biological oxidation of syn- 
thetic rubber wastes containing styrene 
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and isoprene, and found styrene to be 
more readily oxidizable. Ludzack et 
al. (99) studied the biochemical oxida- 
tion a number of nitrites discharged 
from various synthetic rubber, textile, 
plasties, and chemical intermediate 
processes. Acrilo- and oxidipropioni- 
trite were found somewhat resistant to 
oxidation, while aceto-, adipo-, benzo-, 
and lactonitrite were readily amenable 
to oxidation. 

Facilities for treatment of non- 
phenolic tank ear washings were de- 
seribed by Gutzeit (57). Wastes are 
segregated in two groups, including 
insoluble organies and soluble liquids, 
salts, and alkalis. Underflow from de- 
canting of the former is mixed with the 
latter and neutralized with lime or 
acid, followed by partial oxidation to 
improve sludge compaction properties. 
Final effluent varies between pH 6.9 
and 7.1, contains less than 0.016-per 
cent oils, and 35 to 67 mg ‘| suspended 
solids following clarification. Gallagher 
(50) deseribed recovery processes em- 
ployed to recover oils and _ stic’swater 
from menhaden fish meal fertilizer pro- 
duction. Suspended solids are sepa- 
rated on flat vibrating screens, follow- 
ing which the oil and water are heated 
to 180°F and centrifuged for oil re- 
covery. Quadruple effect evaporation 
is employed to raise residual stickwater 
solids content from 6 to 50 per cent. 
A recently completed British fertilizer 
works (1) provides for treatment of 
dust collector wash water by limestone 
filtration for neutralization, followed 
by reuse in the process as granulating 
water or direct discharge. Mills (109) 
discussed pilot plant studies of Dow- 
pae and activated sludge treatment of 
wastes from 2, 4-D production, inelud- 
ing the aniline wastewaters, and found 
dichlorophenol to be very resistant to 
biological oxidation. Stack and Con- 
way (147) presented results of utilom- 
eter studies on organic chemical proe- 
essing wastes and described the ex 
perimental procedure to facilitate its 
use on similar problems. 
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been issued for a combined digester 
clarifier employing mixing and gravity 
separation without degasification 
Design statistics on an anaerobie 
contact process plant for pretreatment 
of packing plant wastes were reported 
by Hill (65 
an equalizing tank, a grit chamber, two 
anaerobic 


The plant incorporates 


contact tanks, four separa- 
tion tanks, and facilities for degasifica- 
and sludge recirculation. 

Krom a comprehensive study of the 
poultry 
(18) 


wastes from five processing 
plants, Bolton that 
plants with water-flumed waste (‘‘flow- 
away’) systems discharge about 6,000 
gal per 1,000 chickens, and those with- 
out flow-away systems about 2,600 gal 
1,000 chickens. 
blood recovery practices, 
BOD is about 25 lb per 1,000 chickens, 
and suspended solids about 15. With- 
out control of BOD was re- 
ported at 40 lb per 1,000 chickens and 
suspended solids at 18. Efficient blood 
recovery, adequate screening for re- 
moval of and offal, and re- 
moval of gizzard contents at the poul- 
try plant prerequisites for 
nomical treatment. 


concludes 


per Kor plants with 


reasonable 


blood, 


feathers 


are eco- 


Fermentation, Chemical, and 
Pharmaceutical Wastes 


Boruff (19 
covery in the fermentation industries, 
particularly experiences 
in the grain distilling and brewing in- 
dustries. in-plant improve- 
ments at one distillery permitting more 
efficient treatment of 
dryer vapors and shown 
BOD per 
cent to 2,100 population equivalent per 
1,000 bushels mashed. 
loadings were found to have been re- 
dueed by 


reviewed by-produet re- 
emphasizing 
Recent 
recovery drum 
dusts were 
to reduce loadings by 31 


Brewery waste 


33 per cent in 15 years to 
12 population equivalent per barrel. 
Rottger (136 treatment of 
250 to 300 cu m per day of wort and 


deseribed 


distillery wash waters by spray irriga- 
tion over 45 hectares of barren sandy 
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soil with local 
Treatment facilities 
for a 20,000-gpd malting plant effluent 


are 


admixture 
sanitary sewage, 


following 


described in a recent paper (2) 


and include an equalizing basin, trick 


ling filters with recirculation, sedimen- 
tation tanks, and sludge drying beds. 
Eckenfelder (34) studied 
sludge treatment of 
and 

rates, 


activated 
brewery 
BOD 
and transfer 
sludge sedimentation and thick- 
and effects of pH variation. Six 
aeration of a 1,000-mg/l1 BOD 
with 4,000 solids 
produced 90-per cent BOD reduction 
in 6 hr. 

Barker et al. (8) 


wastes 
reported data on removal 
oxygen demand 
rates, 
ening, 
hours 


waste sludge 


reported on turbine 
sludge treatment 
effluents. 
High per cent removals were obtained 
at loadings up to 400 Ib BOD per 1,000 
cu ft aerator volume. 


aeration activated 


studies for pharmaceutical 


Poor secondary 
prompted 
studies of flotation to be reported on 


sedimentation performance 


separately. Power requirements for 
activated sludge treatment were found 
to vary from 0.34 to 0.61 kwhr per Ib 
BOD removed. 


on an evaluation of several composting 


CGabaceia (48) reported 


methods for disposal of organie sludges 


from pharmaceutical manufacturing. 
The method selected for full-scale ap- 
plication multi- 
stage procedure using an open sanitary 


landfill property. 


involves a modified 
The sludges treated 
include those from antibiotic fermenta- 
tion, animal liver processing, animal 
stable manures, and sanitary sewage 
sludges. 

Dickerson ef al. (31) deseribed pre- 
liminary studies and activated sludge 
treatment facilities for tall oil purifica- 
tion wastes. These include oil separa- 
tion, settling and equalization, 30-hr 
activated sludge sedimenta- 
tion and sludge reaeration, and excess 
sludge lagooning. Influent BOD ranges 
from 1,000 to 1,500 me 1 
duced by 97 per cent during treatment 
with 3,000 to 4,000 mg/1 sludge solids. 
Christ (27) 


aeration, 
and is re- 
reported on 


pilot plant 


|| 
i 
: 
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studies of biological treatment of par- 
affin oxidation process wastes.  Ef- 
fluents containing 13,500 mg/l BOD 
and 5,000-12,000 mg/l organie acids 
were successfully treated using a 2- 
stage system including trickling filters 
and activated sludge, each removing 3 
kg and 2.5 kg BOD per cu m, re- 
spectively, and producing a total BOD 
reduction per cent. 
Greek and Rosenberger (54) discussed 
treatment of wastes from ethyl- and 
methyl-parathion insecticides produe- 
tion, containing hydrochloric acid, p- 
nitrophenol, organic phosphates, and 
solvents. Parathions are destroyed by 
addition of sodium carbonate follow- 
ing limestone neutralization, and the 
final effluent is discharged to a city 
sewerage activated 


exceeding 90 


system receiving 
sludge treatment. 

Gutzeit eft al. classified the 
available phenol recovery processes ae- 
cording to the inlet and desired outlet 
concentrations. 
eluded steam distillation, 
traction, biological treatment, and 
chemical oxidation. Process combina- 
tions are available capable of reducing 
phenol concentrations from above 2,000 
to below 1 mg/l. Reiter and Heller 
(132) described phenol recovery from 


(59) 


Processes discussed in- 


solvent ex- 


tar dehydration wastes prior to coal 
tar fractionation. Counter-current ex- 
traction using the rotating disc ex- 
tractor was found suecessful in redue- 
ing phenolic content from 4,000 to 40 
mg/l, or a 99-per cent reduction. Sol- 
vents employed were selected because 
of their high distribution coefficients, 
low volatility, and water solubility, 
low freezing points, and their effective- 
ness over a wide pH range. 
Gabrilevskaya and Rubleva_ (49) 
found that wastewaters from produe- 
tion of butyl phenol required 1:15,090 
dilution to prevent 


odor nuisance in 


receiving waters, while following treat- 


ment the threshold was reduced to 
1:1,000. Harkness and Jenkins (61) 
studied biological oxidation of  syn- 


thetic rubber wastes containing styrene 
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and isoprene, and found styrene to be 
more readily oxidizable. Ludzack et 
al. (99) studied the biochemical oxida- 
tion a number of nitrites discharged 
from various synthetic rubber, textile, 
plastics, and chemical intermediate 
processes. Acrilo- and oxidipropioni- 
trite were found somewhat resistant to 
oxidation, while aceto-, adipo-, benzo-, 
and lactonitrite were readily amenable 
to oxidation. 

Facilities for treatment of non- 
phenolic tank car washings were de- 
scribed by Gutzeit (57). Wastes are 
segregated in two groups, including 
insoluble organies and soluble liquids, 
salts, and alkalis. Underflow from de- 
canting of the former is mixed with the 
latter and neutralized with lime or 
acid, followed by partial oxidation to 
improve sludge compaction properties. 
Final effluent varies between pH 6.9 
and 7.1, contains less than 0.016-per 
cent oils, and 35 to 67 mg] suspended 
solids following clarification. Gallagher 
(50) deseribed recovery processes em- 
ployed to recover oils stie'’swater 
from menhaden fish meal fertilizer pro- 
duction. Suspended solids are sepa- 
‘ated on flat vibrating screens, follow- 
ing which the oil and water are heated 
to 180°F and centrifuged for oil re- 
covery. Quadruple effect evaporation 
is employed to raise residual stickwater 
solids content from 6 to 50 per cent. 
A recently completed British fertilizer 
works (1) provides for treatment of 
dust collector wash water by limestone 
filtration for neutralization, followed 
by reuse in the process as granulating 
water or direct discharge. Mills (109) 
discussed pilot plant studies of Dow- 
pae and activated sludge treatment of 
wastes from 2, 4-D production, inelud- 
ing the aniline wastewaters, and found 
dichlorophenol to be very resistant to 
biological oxidation. Stack and Con- 
way (147) presented results of utilom- 
eter studies on organic chemical proe- 
essing wastes and the ex 
perimental procedure to facilitate its 
use on similar problems. 


described 
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Remy and Lauria (133) reviewed 
earlier waste control procedures at a 
nylon plant consisting of seasonal im- 
poundment facilities. Plant expansion 
required that treatment facilities be 
enlarged. Since the major organic 
load results from adipic acid manufae- 
ture, major attention 
fluents this 
an extensive 


given ef- 
Following 
facilities 
and acti- 
vated sludge treatment were installed. 
Using 2,500 mg/l sludge solids and a 
lb BOD per Ib 
sludge, BOD removals of over 85 per 


Was 
from pre CSS, 
investigation, 


for submerged combustion 


sludge loading of 1.2 
cent were obtained. Submerged com- 


bustion has successful re- 
ducing organic content of one effluent 
Walker 
(163) described effluent disposal at a 
Canadian plant producing nylon, fluor- 


proven 


stream by over 75 per cent. 


inated hydrocarbons, and acrylic fiber. 
Major dependence is placed on burning 
of concentrated and effective 
dispersion of remaining dilute wastes 
through a 1,000-ft diffuser outfall. 
Ryan (138) outlined procedures em- 
ployed for treatment of petrochemical 
wastes. Sour 


wastes, 


alkaline wastes are 
H.S removal fol- 
lowed by biological oxidation for phe- 


nol destruction. 


steam-stripped for 


Butadiene wastewater 
is treated with caustic to remove copper 
salts by precipitation. Spent caustic 
effluents are neutralized, oils are de- 
canted, and the underflow subjected to 
bio-oxidation. Hood ef al. 
cussed deep sea disposal of toxie waste- 


(73) dis- 
waters, principally consisting of chlo- 
rinated 
from a 


discharge 
zone with 
water depths varying from 200 to 800 
fathoms. 
Ruggles (137 
the 
basic 


hydrocarbons, by 
barge at sea in a 


described the scope of 
and its 
Butadiene, ethylene, 
and ammonia production are outlined 
and 
pollution 
sented. 

ondary 


petrochemical industry 


processes. 
basie features of petrochemical 
control programs 
Wright (174 
petrochemical 


are pre 


discussed sec- 
processes as 


sources of wastes such as by-product 
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formation, side, and incomplete reac- 
tions. Specific unit processes such as 
oxidation, hydration, and chlorination 
are described, and the perchloroethyl- 
ene is discussed in detail in 
indicate the range of waste 
types and sources in any given process. 
McRae (106) lists alkali in 
petrochemical processing for removal 
of sulfur compounds, phenols, and 
acids from product streams. Regenera- 
tion processes include steam- and elee- 
trical-hydrolysis. 
include direct 


process 
order to 


uses of 


Alkali disposal may 
disposal to receiving 
water bodies, sale of spent solutions, 
neutralization with spent acid or flue 
and oxidation with air and 
Elkin (39) reviewed the pos- 


PAases, 
steam. 
sible uses of chemical treatment, chlo- 
rination, catalytie oxidation, filtration, 
burning, stripping, oxida- 
tion, and ocean disposal for various 
petrochemical wastes. Garrett (51) 
discussed disposal of semi-solid petro- 


biological 


chemical wastes by incineration, burial, 
and direct discharge. 


Coal Wastes 


Walton Smith (165) reported 
that mine water in general causes no 
difficulties in England, but, where 
trouble has developed, no satisfactory 
treatment method found. 
Hert (64) pointed out that there is no 
practical method for overcoming the 
pollutional effects of acid mine water, 
but means are available for decreasing 
the amount of acid generated by sulfur 
compounds in coal. These measures 
primarily involve keeping water and 
or air away from the sulfuritie mate- 
rial by providing for prompt diversion 
of drainage water, and by segregating 
and covering sulfur-bearing 
with tamped clay. 


and 


has been 


material 


By-Product Coke Wastes 
(145) 
45 gal of ammoniacal liquor is pro- 


Sileox pointed out that 35 to 


duced for every ton of coal carbonized 
in gas manufacture, and that the com- 


of 
iS 

; 
3 
i 


Vol. 32, No. 6 


position of the liquor varies with the 
type of coal, the kind of coke oven, and 
the method of operation. He reported 
success in direct use of the liquor as a 
fertilizer, 400 gal being equivalent to 
300 Ib of (NH4)o SO, per aere. The 
liquor must be free of oils and tar, 
and low in tar acids and thiocyanates ; 
the last-named should not exceed 0.4 


per cent because of its toxicity to 
plants. British law prohibits direct 
discharge of the liquor to inland 
streams. Except for recovery of 


NH,OH by distillation and phenol by 
solvent extraction, recovery of  by- 
products is not profitable, and destrue- 
tion by chemical or bio-oxidation meth- 
ods is costly. He concluded that treat- 
ment with domestic sewage is the most 
convenient and economical disposal 
method. Catchpole (25) covered the 
same subject in more detail, including 
data on the biochemical oxidation of 
thiocyanate and phenols from the Uni- 
versity of Leeds. Law (90) discussed 
the use of ammoniacal liquor in agri- 
culture. He noted that all the liquor 
from suitably located gas works could 
be sold to farmers during certain sea- 
SONS. 

methods for 
treating gas liquor was discussed by 
Hall and Nellist (60). They found 
that 60 per cent of the phenols could 
be removed by froth flotation with fine 
coal; that ozone could be used to oxi- 
dize dilute liquor (100 mg/l phenols) 
but that it was too costly for strong 
liquor; that activated sludge is satis- 
factory but somewhat expensive; and 
that solvent extraction of phenols in a 
disk contactor gave promising results. 
For liquors rich in phenols they recom- 
mended solvent extraction followed by 
biological oxidation, or froth flotation 
followed by oxidation. They 
reported that either procedure would 
yield an effluent containing 10 to 50 
mg | phenols. 


Research on various 


Ozone 


This would seareely be 
considered American 


Gutzeit (58) recommended 


satisfactory by 
standards. 


biologieal, rather than chemical, oxida- 
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tion as a secondary treatment. He 
summarized the conditions for suecess- 
ful operation: (a) neutralize dephe- 
nolizer effluent with lime; (>) equalize 
feed to biofilter and avoid suspended 
solids by preliminary clarification ; (¢) 
seed with sewage or suitable bacterial 
cultures, as required; (d) provide sup- 
plementary nitrogen and phosphorus; 
and (e) reecireulate a portion of the 
waste to raise the temperature in cold 
weather. He reported an average re- 
duction of 79 per cent on waste con- 
taining 0.5 to 270 mg/l phenol. Guinot 
(56) patented a process for chlorina- 
tion of the liquor to convert the phe- 
nols to polychlorophenols which are 
then extracted with a 
miscible with water. 

Gutzeit et al. (59) divided phenol 
treatment into four classes in terms of 
influent concentration and the desired 
degree of removal. For an influent of 
2,600 mg/l phenol and an effluent of 
200 mg/l they recommended steam 
distillation; single stage solvent ex- 
traction; or adsorption on activated 
carbon followed by desorption with 
benzol or superheated steam. For 
2,000 mg/l in and 50 mg/l] out, counter- 
current solvent extraction is recom- 
mended. For 500 mg/l in and 20 mg/I 
out, they recommend adsorption on 
coal followed by froth flotation. For 
100 mg/l in and less than 1 mg/1 out, 
bio-oxidation or chemical oxidation 
with ozone, chlorine dioxide, or hypo- 
chlorite is, mentioned. They detailed 
the operation of a rotating disk con- 
tactor for solvent extraction. Car- 
bone et al. (24) described the develop- 
ment and design of a phenol recovery 
plant distinguished by high efficiency, 
low operating costs, and low invest- 
ment. Reiter and Heller (132) re- 
ported on commercial practice in re- 
covering phenols from distillation of 
coke oven tars. 

An historieal account of biological 
oxidation of gas liquor and a detailed 
report on current work in England 
were presented by Potter and Hunt 


solvent im- 


| 
3 
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(127). A 


process is in commercial use. 


sludge 
It com- 
prises several aeration tanks in series, 
a final sedimentation tank, and provi- 
for The 
feed is inoculated with fertile soil and 
aerated at 40°C nutrients 
must be provided. The capital cost of 


modified activated 


sion sludge recirculation. 


inorganic 


a commercial plant is estimated at $56 
per 
the 
of coal carbonized. 


gallon of liquor treated per hour; 
operating cost is 7 cents per ton 
Phenol reduction 
is always above 90 per cent, and oxy- 
gen absorbed values are reduced 70 to 
s0 per cent. Thiocyanate destruction 
is most effectively accomplished in a 
with 

and 
it is possible in a 


secondary stave seeded 
bacterial 


man (7 


special 
strains 

stated tha 
tank system to apply loadings 5 to 15 


Badger Jack 


times as great as i 
for the 
They point out that sufficient aeration 


percolating filters 
same destruction efficiency. 
is essential for efficient biological oxi- 
dation. Vortex aeration used in 
the pilot studies, but this may not be 
the method 
mercial Average 
tions of phenol, thiocyanate, and oxy- 
99.4, and 96.8 
Details of the 
experimental work are reported fully. 


Was 


most economical for ceom- 


installations. redue- 
ren absorbed were Ys 7. 


per cent, respectively. 
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Flue Dust and Mill Scale 


Lack of information about the rela- 
tive efficiency of blast 
furnace flue dust prompted a survey 
by the steel industry in the Ohio Val- 
ley. The results were summarized by 
Hoak (67 Dust production and re- 
covery efficiency varied widely among 


recovery of 


the companies as a result of local fae- 
but the 78 the area 
produced an average of 202 Ib of dust 


tors, furnaces in 
per ton of pig iron manufactured. Of 
this amount only 10 lb/ton were dis- 
de- 


furnaces 


Edeline (35 
installation of 4 
each with different gas-cleaning equip 


charged to streams. 
scribed an 
ment. He noted that plain sedimenta- 
tion for 2 hr left a coneentration of 60 
mg/l of finely divided solids and ree- 
washing to 
volume and 


ommended countereurrent 


reduce the water increase 
the coneentration of 
Edwards and Smith (37) 


the great variability 


suspended solids. 
reported on 
in production of 
blast furnace flue dust. 
furnace 


Dust from one 
15 to 210 tons 
Mechanieally 
cleaned clarifiers, followed by vaeuum 
filtration of the sludge, 
practice for wash water treatment in 
Britain. 

A study of several mill-scale pits and 
a flue dust clarifier led Hoak (66) to 
suggest that an apparent relationship 
between theoretical time, 
equivalent quiescent settling time, and 
Reynolds’ might provide a 
for evaluating and 
the performance of sedi- 
equipment. This 
Was investigated by Hloak and Bramer 
(69) in field studies, 


from which they evolved an empirical 


ranged from 


day in a single month. 


is the general 


retention 


number 
practical method 
predict ing 
mentation concept 


laboratory and 
equation that fitted sedimentation data 
liters 


paper 


for volumes ranging from a few 
This 


covering 


to thousands of gallons 


Was a progress report one 


phase of a long-term study of the be- 


= 
— 
4 
: 
: 
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* 
“ 


Vol. 32, No. 6 


havior of finely divided solids of high 
density. 


Additional Reference 
Fuller, E., 


**Removal of Oil and Solids from 
Rolling Mill Wastes.’’ Proc. 13th Ind. 
Waste Conf., Purdue Univ., Ext. Ser. 96 
218 (1958). 


Petroleum Processing Wastes 


Data on biochemical oxidation of a 
number of specific chemicals, inelud- 
ing hydrocarbons and petrochemicals, 
are used by Ludzack and Ettinger (98) 
to relate observed behavior and chemi- 
cal structure. An extensive bibliog- 
raphy is presented. Chemicals judged 
are those more difficult to 
destroy biologically than domestic sew- 


age. 


‘*resistant”’ 


Acclimation of microbiota prior 
Ae- 
¢limation and degradation in a stream 
are generally more rapid than in a 
five-gallon bottle test, with the latter 
showing more activity than the stand- 
ard BOD test. High moleeular weight 
compounds and tertiary-branched 
are not metabolized at a 
significant rate. The presence of oxy- 
ven 
the 


creases 


to oxidation tests stressed. 


structures 


(ethers), sulfur, and nitrogen in 
chain strueture frequently de- 
availability. Adsorption by 
bacterial solids for such substances as 
oil may take place at a higher rate than 
bio-oxidation, and biological activity 
Oxidation rates frequently do 
not follow conventional temperature 
effects on reaction rates, and tests at 
two temperature levels to simulate 
summer and winter conditions are de- 
sirable. For hydrocarbons, alkyl ben- 
zene structures with short side chains 
show substantial whether 
the side chains are branched or not. 
Oxidation of mineral is highly 
dependent. Aromatic 
compounds disappear more rapidly in 


ceases, 


resistance 


oils 


temperature 


a stream than aliphatics, with certain 
aromaties being converted to aliphaties 
by a ring-opening mechanism. 


hydrocarbons are reported as more re- 
than 


sistant to oxidation aliphaties. 
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Phenols and cresols show little resist- 


anee to acclimated microorganisms, 
with similar behavior from a range of 
industry sourees of such compounds. 
Stewart and Kallio (157) describe ex- 
perimental data on bacterial oxidation 
of high molecular weight paraffinic 
hydrocarbons in a gram-negative coe- 
cus. High molecular weight esters are 
formed with the alcohol having the 
same carbon skeleton as the paraffin. 
A Russian article by Shturm (144) 
summarizes literature on the assimila- 
tion of hydrocarbons by microorgan- 
isms. Selective utilization of gaseous, 
liquid, and solid hydrocarbons, plus 


data on structural type chain 
leneth, is discussed. Number and 


position of unsaturated bonds are of 
ereat significance. However, all olefins 
are more the action of 
bacteria than the corresponding paraf- 
fins. 


accessible to 


Cleavage and reaction products 
of aromaties and eyelic hydrocarbons 
are discussed. Naphthenic acid is de- 
composed by spore-free, gram-negative 
bacilli with rapid oxidation of inter- 
mediate products to carbon 
and water taking place. 
data on hydrocarbon decomposition 
products are given. Products gen- 
erally noted are alcohols, aldehydes, 
and organic acids. Initial peroxide 
formation is considered the most prob- 
able first stage of oxidation for most, 
if not all, hydrocarbons. Cleavage of 
higher hydrocarbons to lower moleeu- 
lar weights by biological degradation 
(other than single carbonation deear- 
boxylation) remains unexplained. Rus- 
sian interest in application of biologi- 
cal secondary treatment to refinery 
wastewaters is shown by experimental 
work with aerated activated sludge 
(81). Reduction of petroleum odor 
was noted in 5 to 10 hr. Wastewater 
from electrical oil dehydrating 
plant, with a BOD of 418 to 1,564 mg/I 
at 20°C and an oil content of 49 to 396 
me |, is diluted to a maximum oil con- 
tent value of 17 to 


dioxide 
Important 


50 me/l, aerated 


25 hr with activated sludge and settled 


il 
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0 to 


odor. 


(80). Clarified water contains 
94 me/l oil little or no 


Average oxidizing capacity of the tanks 


and 


is 0.037 lb oxygen per cu ft per day. 
However, this is increased by addition 
of phosphates or larger amounts (> 3 
7/1) of activated 
plus biochemical 

leum 
reservoirs 1S 
(33). 


varied widely in the reservoirs studied 


Chemical 
reduction of 
contaminants in 


sludge. 
petro- 
Water storage 
Dzyuban 
Ability to oxidize hydrocarbons 


deseribed by 


the chemical oxidation rate varying 
from 10 to 50 per cent of the biochemi- 
cal rate. Other work by Iz- 
yurova (74) describes laboratory work 


Russian 


on treatment of petroleum wastewater 
by Azobacter croococcum and activated 
sludge. Results are judged very prom- 
ising. 

Disposal of a wastewater stream con- 
taining emulsified naphthenie acids in 
refinery 
mestic sewage trickling 


wastewater-do- 
filter installa- 
tion is given by Ferner (45). Kalinske 
(78) reviews equipment and compara- 


a combined 


tive performance of normal and lagoon 


activated sludge treatments for re- 


finery wastes. Settling ponds are ad- 
vocated by Popov (124) as the simplest 
and most effective means of refinery 
wastewater  treating—provided that 
initial trapping of oil is efficient and 
facilities 
and 


shows 


are skimming 
pond, Experience 
reduction of inlet oil values to 
the pond from 148 to 19,800 mg/l to 
10 to 52 mg/l at the outlet. A flexible 


‘*hoom’’ for skimming oil on 


prov ided for 
cleaning the 


large 
Data on air 
flotation of high oil content wastes are 
(102 

agulation-air 
work in 
(73%). 

refinery wastewaters in packed towers 


(128 


areas IS deseribed (6 


viven chemical ¢o- 
experimental 
(76) 


Prather deseribes aeration of 


Combined 
flotation 


Russia is discussed 


Reductions in sulfites, sulfides, 
phenols, ammonia, COD, and fish toxi 
Air high 


city are given blowing of 


hydrogen sulfide wastes is related) by 
Stankevich ef al. (154 
hydrogen sulfide is 91 to 96 per cent 


Removal of 
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and is said to be practically inde- 
pendent of initial concentration of hy- 
drogen sulfide and of pH. 


Synkova (29 


Critser and 
deseribe removal of oil 
from wastewaters with wood shavings. 
Reduction of oil from an inlet con- 
centration of 222 to 562 mg/| to 5 to 11 
mg/l is accomplished with 1.8 to 3.6 
lb wood shavings per mgd at a filtra- 
tion rate of 160 gph/sq ft. 
water 


Russian 
and wastewater 
discharge are noted (3). 
varies from 24 gal water/gal crude for 
distillate 120 gal water 
gal crude processed for complete proc- 


consumption 
Consumption 


refineries to 


essing plus petrochemical operations. 
Refinery wastewater discharge for 
newer refineries is only 2 gal/gal erude 
from 3.2 to 4.8 gal 
Maxi- 
mum permissible oil content in waste- 
waters as set by the U.S.S.R. Ministry 
is 50 mg/l—admittedly high, but ex- 
many 


processed down 


gal crude for previous years 


refineries. 
and reuse of water 
of total wastewater discussed 
by Mitkaler (110). Utilization of al- 
kaline wastes to make copper naph- 
thanate is revealed by Novruzly ef al, 
(115 A yield of 70 per cent is ob- 
tained by reaction with copper sulfate. 


ceeded by Recovery 
up to 80 per cent 


flow is 


The basin-wide approach to pollu- 
tion control as related to the petroleum 
industry in 
tail by 
abatement 


Kansas is discussed in de- 
(70). Pollution 
stated as (a) 4 
me 1 DO minimum at minimum stream 
flow, (b) effluents substantially free of 
toxic substances, (¢) 


Hodgkinson 
policy is 


retention of 5 in. 
of rainfall runoff (1- to 3-day period) 
from with return to 
treatment within a 5-day period, and 
(d) minimum of 60-day detention for 
lagoon treatment. 


refinery areas, 


Deoxygenation rate 
of refinery wastes is similar to normal 
with BOD of. re- 
wastes approximating 3 to 5 
BOD. 


sulfides, and ammonia are pointed out 


sewage, first-stage 
finery 
times the 5-day Oil, phenols, 
as the main problems, although each 
refinery has individual characteristics, 


and processes change rapidly. Phenols 


3 
a 

| 
5 
iv” 
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oxidize fairly rapidly in ponds at phe- 
nol concentrations = 7 mg/l. There is 
a lag time of about 25 days before ap- 
preciable oxidation of ammonia takes 
place. 

United Kingdom waste control prac- 
tices in petroleum refining are de- 
scribed by Berridge and Shirley (11) 
and Davies (30). The latter reference 
notes laboratory and full-scale experi- 
ments on disposal of wastewater streams 
containing naphthanic acids in a do- 
mestie sewage treatment plant. Such 
streams are not susceptible to gravity 
separation, but quantities up to 5 per 
cent of the domestic sewage flow can be 
injected without upsetting the sewage 
trickling filter. Such effluent normally 
contains about 20 meg’ oil and 20 mg/1 
COD. Tidewater’s new Delaware re- 
finery and waste control facilities are 
given by Lewis (94). Evaluation of 
treatment effectiveness of this refinery 
through Delaware River studies is sum- 
marized by Kaplovsky (79). Treat- 
ment efficiencies, actual outfall waste 
concentrations, and maximum permis- 
sible limits for sulfides, ammonia, ey- 
anides, phenolics, hydrocarbons, and 
total oil are recorded. Progress in de- 
termining the self-purification of the 
90-mile stretch of the Delaware River 
between Trenton and the Bay is given. 
Frame (47) describes the extensive 
waste treatment and control facilities 
at the new 20,000 bbl/day refinery at 
Bronte, Ontarie, Canada. The series 
of treatment consists of gravity separa- 
tion, chemical coagulation and elarifi- 
cation, biological treatment, ozonation, 
activated charcoal contacting, and sand 
filtration. 

There are four oil refineries in Wy- 
oming, ranging from 20,000 to 25,000 
bbl a day, and each discharging from 
15 to 20 million gal of wastewater daily 


(172) Reduction of these volumes 


was imperative as the state has little 
ground water and practically no flow- 
ing water, due to a rainfall of 4 to 12 
The first step in relieving 
the situation was installation of water 


in. a year. 
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This 
sive, but the daily flow of wastewater 


recycling systems. was expen- 
was reduced to 0.75 to 1.5 mil gal. La- 
goons of 60 to 100 acres, each preceded 
by a small lagoon functioning as an 
oil separator from which the oil could 
be skimmed, are used. The outfall 
from the lagoon is drained into waste 
land or alkali flats. One of these 
lagoons, which received a waste high in 
phenols, has developed a free-floating 
alga population; the outfall of this 
lagoon is particularly clear, free from 
phenois, and used as drinking water 
for game. This type of algae should 
be studied for its possibilities. 


Additional References 


Anon., ‘Refinery ‘Bugs’ Put Bite on 
nols.’’ Chem. Eng., 66, 6, 94 
1959). 


Phe- 
(Mar. 23, 
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Eng., 66, 17, 114 (Aug. 24, 1959). 
Anon., ‘‘ Refinery Wastes Mastered.’’ Chem. 


Eng. News, 37, 24, 77 (June 15, 
Anon., ‘‘ British 

tion Control.’’ 

242 (1959). 
**Results of 
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(Brit.), 22, 7, 


Discovery 
Petroleum 
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Seale.’’ Sbornik: Bor’ba s Zagryazneniem 
Vodoemov, 26 (1958); API Abs. No. SI 
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Disposal and 
Industries.’’ Sixth 
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Ontaric 
Con}., 
Proce 
and In 
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Petrochemical 


Sourees.’’ Sewade 


Pickling and Acid Wastes 


Elect roly tic recoy ery 


from 
Hohn 
who employed a horizontal 
The can 
decomposed to yield an 
powder with excellent 
properties. 


of iron 
pickle liquor was described by 
et at. (71). 
mercury cathode. amalgam 
be thermally 
iron sintering 


Lewis and Tye (95) re- 
covered sulfuric acid and metallie iron 
from pickle liquor by electrodialysis. 
They found current efficiency to be in- 
dependent of the composition of the 


spent liquor, but dependent on the 
concentration of the 


rhe 


with batch 


recovered aeid. 


smallest power oceurred 
with 
The propor 


sulfate in the 


Input 


treatment anal ideal 


countercurrent operation 
tion of 


ferrous spent 
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liquor had little effect on the treatment 
cost. 

The autoxidation process, which has 
been investigated on a pilot scale for 
a number of years by the British Iron 
and Steel Association, 

Bullough 
Sulfur dioxide from decomposition of 


Research Was 


covered in detail by (23). 
(recovered from spent 
pickle liquor by evaporation) was ab- 
sorbed in dilute acid containing MnSoO, 
as catalyst, and the solution was aer- 
ated to convert the SO. to H.SO,. 
Ozone was required to maintain high 
efficiency when the acid content reached 
25 per cent; with ozone, 40-per cent 
acid could be made. Assuming that 
monohydrate is available at no 
that oxide ealeine is worth 
$8.40 per ton, 30-per cent acid can be 


cost 
and iron 
made by this process on a seale of 17 
tons of 100-per cent H.SO,4 per day at 
a cost of $18.90 to $25.76 per ton of 
100-per cent acid. 
Aeration-neutralization of pickle liq- 
uor to yield a filterable slurry was de- 
scribed by Heise (62). 


The spent liquor and lime slurry are 


and Johnson 
fed continuously to an agitator-aerator 
and the resultant suspension is filtered 
on a vacuum disk filter. The best cake 
is obtained when 2 to 5 per cent of the 
ferrous iron has been oxidized in a 5- 
to 15-min time. 
ing and disposal cost 


reaction The operat- 
is always less 
than 2 cents per gallon, of which about 
half the 


the filter cake to a dump. 


represents cost of trucking 
This process 
has reduced the former cost of pickle 
liquor disposal by 50 per cent. The 
pickle 
liquor neutralization were detailed by 
Hoak (68 
Faust (43) it was found that caleium 
sulfate sludges settle rapidly but com- 
pact 


technology and economies of 


In a study reported by 


poorly due, apparently, to the 
The 
greater for high- 
calcium than for dolomitie quieklime 


needle-like shape of the crystals. 
settling rate was 
with 
both 


Crystal seeding with native 


shidges, but it decreased neredas 


ing acid concentration for types 


of lime. 


4 
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eypsum or return sludge appears to 
offer some promise for concentrating 


this kind of sludge. 


Additional References 

Allais, G., ‘Problems Arising from the Purifi 
eation of Waste Waters from Metal Treat- 
ment Works.’’ Eau, 44, 131 (1957); 
Water Poll, Abs. (Brit.), 32, 63 (1959). 

jruhne, A., ‘Disposal of Effluents from 
Metal-Working Plants in Sewage Systems.’’ 
Gas-u. Wasserfach. (Germany), 100, 254 
(1959); Chem. Abs., 58, 11729 (1959); 
Pub. Health Eng. Abs., 40, 33 (1960). 


Plating and Cyanide Wastes 


Paradoxically, at a time when legal 
restrictions on plating and cyanide 
wastes are becoming more stringent, 
there are fewer and fewer papers de- 
seribing research results and new tech- 
niques. Only four papers were of suf- 
ficient interest for review. 

Moore et al. (113) deseribed the ef- 
feet of the activated 
sludge sewage treatment. 
This is the first of a series of studies 
on the effect of metallic wastes on the 
operation of sewage treatment planis 
with the objectives of deiermining 
tolerance, extent of removal, and de- 
veloping modified treatments to pro- 
vide more tolerance if needed. Potas- 
sium chromate was fed at the rate to 
maintain the hexavalent chromium at 
0.5, 2.0, 5.0, 15, and 50 mg/l. The 
average BOD and COD loads in both 
the chromium-fed and control units 
were about the same and the removal 
of each in the primary tank and by 
over-all plant operation showed little 
difference with respect to the control 
and the chromate-fed unit. At 0.5 and 
2 mg/l of Cr'®, a negligible amount of 
chromium was found in the final ef- 
fluents; at 5.0 mg/l, about 1.5 mg/l 
found in the effluent 
and 2.5 mg /1 of total chromium, but 
at 50 mg/l, the primary effluent con- 
tained 40 mg/l of Cr*® and the final 
effluent 30 mg/l. The passing of 30 
mg/l through the system was felt a 
possible menace to receiving waters, so 


chromium on 


process of 


Was 


1959 LITERATURE REVIEW. 


IT. 


an auxiliary tank was installed to 
which the primary effluents and return 
sludge were diverted and which acted 
as an activated sludge plant with 
chromate as the principal source of 
oxygen. This technique resulted in the 
removal of better than 90 per cent of 
the chromium-fed and all chromium in 
the effluent was in the reduced soluble 
state. Slug feeding of hexavalent chro- 
mium at the rate of 300 mg/l stopped 
gas production for seven days after 
which the digester gradually returned 
to normal operation. At 500 mg/I, the 
digester did not recover. The conelu- 
sion is that short of massive slug doses, 
chromate alone is not likely to harm 
the operation of a sound sewage treat- 
ment plant. However, the wastes from 
metal finishing industries also contain 


copper, nickel, zine, cadmium, and 
other constituents and the synergistic 
effect one way or the other is not 
known. 


Stones ‘has continued his studies on 
the fate of metals during treatment of 
sewage. The nickel concentration (158) 
of sewage was found to be reduced 20 
per cent by sedimentation when 24-hr 
composite samples were studied and 52 
per cent to be removed by lime treat- 
ment. When the influent, carrying 
about 0.15 mg/l of nickel, was fed to a 
battery of percolating filters, the un- 
settled effluent retained 60 per cent of 
the nickel, about a quarter of which 
was in the humus solids. The activated 
sludge treatment removed 30 per cent 
of the nickel present in the settled 
sewage, 70 per cent passing out with 
the effluent. Normal 24-hr composite 
samples of sewage from the Salford 
Sewage Works showed a 40-per cent 
reduction of zine content (159) by 
sedimentation and was not due to bio- 
logical activity during settlement. Lime 
was found more effective than alumi- 
num sulfate or sulfuric acid (all at 40 
mg/l) in preeipitating zine, 92 per 
cent being removed. Biological filtra- 


tion treatment resulted in 70 per cent 
of the zine being recovered in the filter 
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effluent while activated sludge treat- 
ment of sewage containing 3.5 mg/l of 
zine removed 60 per cent of the metal. 

Goldblatt (53) reported pilot-plant 
studies on the recovery of cyanide from 
waste solutions. lon-exchange resin 
permanently fouled in a uranium plant 
may be successfully used to recover 
cyanide, water, and gold from gold 
works effluent. Nickel, and 
cobalt are removed, but they are not 
recovered The 


metal cyanide complexes present in the 


copper, 


for economic reasons. 
plant waste cyanide solution are ad- 
sorbed on a strong base anion exchange 
resin (sulfate The effluent is 
then passed to another column of simi- 


form ) 


lar dimensions where free cyanide is 
complexed with 
which has been in the 
the column. The effluent then contains 
only carbonates and thiocyanate which 
can be returned to the gold plant as 
virtually fresh water. The metals are 
removed from the first column with 
l-per cent sulfuric acid and extracted 
from the solution by a cationic resin, 
leaving only hydrogen cyanide which 
is returned to the gold plant. 
the gold cyanide complex is not ad- 


copper (1) eyanide 


resin beads in 


Since 


sorbed to any great extent (0.55 oz/cu 
ft resin) by the strong base resin in the 
presence of other metallic ¢yanides, it 


also is returned to the gold works. 
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Pulp and Paper Wastes 


Evans (40) reviews the effect on the 
British pulp and paper industry of the 
1951 Rivers Pollution 
Act. By 1961 each paper mill must 
either be discharging its effluent to a 
public 


Prevention of 


sewer or 
prove that such abso- 
lutely impractical and that the effluent 
being discharged to a stream 


be in a position to 


discharge is 


is being 
treated by all reasonable steps to pre- 
vent pollution. The progress made by 
the pulp and paper industry of the 
Pacific Northwest in pollution control 
is reviewed by Pratt (129). Approxi- 
mately $1 million was spent by these 
mills in 1958 for research on air and 
water pollution. 

In-mill prac- 
ticed in the pulp and paper industry, 


pollution control, as 


| 

: ; 

~ 

= 
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is reviewed by Bialkowsky and Brown 
(12). The kraft, sulfite, and neutral 
sulfite semichemical processes are de- 
scribed and methods used in disposing 
of the spent liquor and 
chemicals therefrom are discussed. 
Results obtained by hydro-turbine 
aeration of streams are reported by 
3aum and Salvesen (9). Tests made 
at Rothschild, Wis., showed that 5,000 
to 10,000 lb of oxygen per day per 
1,000 efs ean be dissolved by bleeding 
air into the turbines. The cost of the 
process results from decreased electri- 
eal power output which ranged from 
2 to 9 per cent in these tests. Erosion 
due to cavitation does not appear to 
present a serious problem. The use of 
effluent dispersion pipelines to mini- 
mize the effects on the receiving waters 
of mill discharges, has been highly de- 
veloped on the Pacific Coast. The 
deep-water effluent line at one Oregon 
mill is over 14 mile offshore (148) and 
effectively disperses the effluent. 


recovering 


Sulfite 


While sulfite pulping represents only 
13 per cent of the total United States 
production, the problems associated 
with spent sulfite liquor result in a 
substantially higher percentage of the 
published work on pulp mill wastes. 
Black (15) reviews the properties and 
composition of spent liquor. Methods 
of treatment are discussed, with special 
reference to evaporation and burning. 
Examples are given of the application 
of these processes at various mills in 
the United States. Economics appear 
to prevent more widespread use of 
processes prevalent in European mills, 
such as alcohol fermentation. 

At this time, the recovery of sulfite 
liquor through use of soluble bases ap- 
pears to be the most promising solu- 
tion to the pollution problem. A num- 
ber of notable advances along these 
lines were reported in 1959. In 
Rayonier’s new sodium base process 
(149), the spent liquor will be steam- 
stripped to recover SOs, then neutral- 
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ized with NaOH and Nas.CO,. The 
neutralized liquor is filtered prior to 
being evaporated in multiple effeet 
evaporators and burned. The flue 
gases are cleaned with an electrostatic 
precipitator. The furnace smelt is 
fed to an extraction column where 
is leached out and NasCOs is col- 
lected in erystal form at the bottom. 
The remaining saturated solution of 
and NasCOs will be fed to a car- 
bonation unit to produce more NagCOs, 
while the H.S formed will be recovered 
and burned to produce sulfur for 
preparation of cooking liquor. It is 
expected that 85 per cent of the pulp- 
ing chemicals will be recovered ini- 
tially, and over 90 per cent after the 
breaking-in period. Conversion of the 
mill from ammonia to soda base cost 
$7.5 million. 

Other soda base recovery systems re- 
ported on are the Stora Kopparberg 
(41) and Bradley (20) processes. In 
the Stora Kopparberg, conventional 
evaporation and burning of the spent 
liquor is followed by dissolving of the 
resultant smelt. The smelt is then 
carbonated with CO. gas to remove 
sulfides. The carbonated solution is 
then heated and reacted with sodium 
bisulfite solution to strip off CO. and 
the solution obtained thereby, contain- 
ing chiefly sodium sulfite, is sent to the 
cooking liquor storage tanks. The 
Bradley process approach is based on 
the separation of the cooking require- 
ment of sodium carbonate from the 
smelt and recycle of the sulfide to the 
recovery furnace. It is claimed to be 
the only system available which can 
act for simultaneous recovery of kraft 
neutral sulfite semi-chemical and acid 
sulfite. The is now in ¢com- 
mercial-scale operation (21) (150). 

Robison and Harris (135) compare 
the costs of the magnesium base Mag- 
nefite process with kraft and coneludes 
that it can be considered competitive to 
kraft in many areas. Bjorkman (14) 
reviews chemical recovery of ammonia, 
calcium, and 


process 


magnesium base 


soda, 


d 
eu 


104) 


reco, ering 


liquors. MeCarthy ef al. have 
studied the 


ammonia 


possibility of 


from ammonia base spent 


sulfite liquor by use of a cation ex- 
change resin. The resin is regenerated 
with 


furnace 


sulfurous acid recovered from 


stack gas to provide an am- 


monium bisulfite solution suitable for 


reuse. The process does not appear to 
Substan 


tial separation of the components of 


be economically attractive 
spent liquor to yield sugars and mainly 
lignosulfonate has been obtained using 
resins (44 
for the design of 


ion exchange Basie fae 
tors heat exchange 
equipment for treating spent sulfite 
liquors have been determined by Me 
Carthy and Grimsrud (105 

Efforts are continuing on finding by- 
product uses from spent liquor.  Sal- 
140 


lignosulfonates, which are the liquor’s 


vesen discusses the utilization of 
main component, comprising 50 to 63 
per cent of the dry solids. Some in- 
dustrial applications for this material 
include simple cleavage products (van- 
illin), and 
agents. <A inter 
mediates in the chemical field has not 
The utilization of 
the other major fraction of the liquor, 
Wiley 


Information is presented 


tanning and dispersing 


market for 


large 
yet materialized. 
carbohydrates, is 


et al. (171 


on the composition of the 


reviewed by 


dissolved 


solids from softwood and hardwood 
pulping and on the individual sugar 
components. methods 
and products are discussed as well as 
other methods 


and lignosulfonates 


Fermentation 


for separating sugars 


Nutritional yeast 


from spent liquor is in commercial pro- 
duction (72 


and shows promise of 


eventually becoming competitive with 
other processes. A description is given 
for the production of torula yeast and 
the inorganic requirements for yeast 
growth are discussed, 

Additional studies regarding the mi- 
erobial behavior of spent liquor have 


been made. Lawrance and Sakamoto 


(91) found that calcium lignosulfonate 
was relatively stable to microbial oxida- 
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tion in water which has been receiving 
pulp and paper mill wastes for over 60 
yr. Results 


alga, 


with a 
macrostigmatum, 


obtained ereen 
Chlorococcum 
indicate that the sugars are assimilated 
by the alga and also serve as a earbon 
and 
the alga in 
amount of 


source for the growth of 
the dark (101). The 
available nitrogen has an 
effect on this 


energy 


enhancing assimilation 
of sugar. 

An interesting system of land dis- 
posal of spent liquor has been described 
by Billings (13). The liquor was 
sprayed from tank trucks by a device 
capable of atomizing it to a fine spray 
and throwing it out along the side of 
the road 45 to 50 ft. The dosage of 
liquor was at the rate of 1 Ib of solids 
per day per sq yd and the costs of 
operating the system amounted to $5.56 
per ton of sulfite pulp during the 
spraying season. 


Kraft 


A study of methods for removing 
suspended solids from the effluents of 
15 of the Southern kraft and 
newsprint mills was conducted (10). 
It appears that relatively short-period 
sedimentation in ponds or a mechani- 


larger 


eal clarifier is capable of removing a 
bulk of matter. 
Operating costs for solids removal are 
estimated at $0.20 to $0.34 per ton of 
mill production. The 
erally disposed of on the land after 
being drained and allowed to dry par- 
tially, 
lector 


large the suspended 


sludge is gen- 


or removed continually by col- 


mechanisms and discharged to 
land disposal areas. 

Crawford (28) reports on the spray 
irrigation of kraft mill wastes. Evapo- 
rator and condensates and 
washings the op- 
eration were sprayed following lagoon- 


ing. 


digester 
dregs from caustic 
During summer months, applica- 
tion rates were as high as 1 to 1.3 in. 
day of 219-mg,/1 BOD waste. 
BOD 


obtained 


Average 
removals of 


the 


per cent were 


from combined lagoon 


spray system. 


: 
Bey 
| 
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Major differences in the character- 
istics of wastes from the various de- 
partments of a kraft mill at Jesup, 
Georgia, were exploited in the design 
of a dual sewer and lagoon system 
which greatly reduced the additional 
load resulting from doubling plant 
capacity (26). Instrumentation is uti- 
lized to obtain maximum raw waste 
control and to provide detailed records 
of the quality of raw waste entering the 
river. 

A pilot-seale plant for produetion 
of dimethyl sulfide from kraft blaek 
liquor is described by Meyer and Coma 
(108). In the process, the liquor is 
evaporated to 50-per cent solids and 
sulfur compounds are added. The 
mixture is then heated to 450 to 500°F, 
following which the temperature and 
pressure of the mixture are reduced in 
a flash tank. At this stage, most of the 
dimethyl] sulfide is in the vapor phase. 
Yields of 60 lb ton of pulp have been 
obtained. 


Semi-Chemical 


Six of the seven recovery systems 
for sodium and sulfur, which have been 
developed for the various neutral sul- 
fite processes, are described by Brown 
et al. (22). These are the Zimmer- 
mann, Mead, Sivola, Atomized Suspen- 
sion Technique, Bradley, and Institute 
of Paper Chemistry Processes. All the 
processes are claimed to destroy the 
organic material which contributes to 
stream pollution and to recover the 
cooking chemicals. All still have un- 
resolved questions concerning their 
technical and economic aspects. The 
cost of the processes is high with 
estimates of $2 to $3 million per 100- 
ton recovery plant. 

The Sivola Process is the subject of 
several detailed articles. Evans (42) 
discusses the installation in Finland. 
The mill uses a two-stage pulping pro- 
cedure, with an acid sulfite first stage 
and an alkaline second stage. The 
spent liquor resulting from digestion 
is evaporated and burned in a re- 
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Paseoe ef al. (116) 
show the possibilities of using the re- 
covery process for mixed spent liquors 
involving single-stage bisulfite, plus 
SOs or single-stage bisulfite, or two- 
stage bisulfite soda with kraft, soda, or 
neutral sulfite semi-chemical digestions. 

The Green Bay Paper & Pulp Com- 
pany (4) has submitted plans to the 
Wisconsin regulatory authorities for 
the first commercial size unit employ- 
ing the Atomized Suspension Tech- 
nique. The reactor utilizes a 60-ft high 
tower operating at temperatures over 
1,400°F to evaporate, dry, and burn 
waste liquor which is atomized at the 
top by special high pressure nozzles. 
The product is a mixture of high tem- 
perature steam, gases, and solids. The 
chemicals in this mixture are sepa- 
rated and treated to condition them 
for reuse in the pulp mill system. The 
inventors of the process deseribe it in 
a series of articles (122) (123). Studies 
thus far with the laboratory reactor 
include recovery of chemicals from 
soda and kraft liquor, and the destrue- 
tion of pulp mill sludges. The authors 
present little experimental data on 
which to judge the operation of the 
process. 


covery furnace. 


The first large commercial size unit 
using the Mead semi-chemical recovery 
process has attained full production at 
the Mead Corporation’s Lynchburg, 
Virginia, mill (5). The problems as- 
sociated with start-up of the system 
are being eliminated and acceptable 
chemical operation is evolving. 


Paper Mill 


Robinson (134) discusses the fiber 
losses that occur from paper machine 
operation and characterizes them as 
‘‘steady’’ and ‘‘intermittent.”’ The 
first step in eliminating losses is in 
setting up an effective effluent monitor- 
ing program. The suitability of vari- 
ous techniques such as sedimentation, 
filtration, and flotation to the recovery 
of different white waters, is also ana- 
lyzed. Leonard and Keating (93) de- 


| 
he 
; 


scribe a completely closed tissue mill 
white water system employing a flota- 
tion saveall. The mill is an extremely 


small one, however, produeing only 


about A closed white 
water system is also claimed by Luke- 
mire (100). In this 
the paper machine pit 


3 tons per day. 
process, water 
low in 
solids is passed through a diatomaceous 
earth filter. It is that the 
filtrate may be recirculated to any 
point in the machine system and the 
filter may be 
reused in the paper-making operation. 


from 


claimed 


cake after disinfection 
Industry experience with systems em- 
ploying fairly similar principles has 
been that a dissolved solids buildup 
occurs which eventually requires that 
wastewater be discharged. 
Considerable interest has been shown 
by the industry in irrigation and land 
application for mill effluents. A sum- 
mation and evaluation of land disposal 
at 14 mills in the United States, to- 
gether with a review of the basie re- 
quirements of these processes, have re- 
cently been issued (114). Included are 
a bibliography and critical review of 
related literature. 
include 
spray, 


The areas covered 


seepage beds, soil seepage, 


trench irrigation. The 
median land use of the mills reported 


and 


on was 0.7 acre per ton of pulp, and 


the median application rate 0.3. in, 
(8,000 gal) per day per aere. Koch 
and Bloodgood (84) report the spray 


irrigation of paperboard mill effluent 
containing 240 mg/l suspended solids 
and 200 to 400 mg/l BOD on land 
covered with alfalfa. Application 
rates averaged 7,500 gpd acre and no 
adverse effects on the crop were noted. 
Alfalfa appeared to be the best cover 
crop when strawboard mill wastes were 
spray irrigated (107 
sults were obtained at application rates 
of 13,000 sandy loam. 
Koch and found that the 
addition of sodium nitrate to boardmill 
effluent prevented odor conditions from 

the waters. 
reports that BOD reduc 


Suecessful re- 
gpd acre on 


Lugar (85 


developing in 


Ratliff (131 


receiving 
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tions of approximately 63 


obtained 


cent 
weather 


per 
during 
periods by recirculating settled board 
mill detention 
period of 9 days was required, and re- 


were Warn 


waste in a lagoon. <A 
circulation was accomplished by eas- 
cading the waste over conerete steps. 

attention given by 
the industry to the problems of see- 
ondary treatment during the year. 
Peters (119) obtained BOD reductions 
greater than 90 per cent on boardmill 
waste in activated sludge pilot-plant 
operation. 


Increasing was 


The disposal of excess ae- 
tivated sludge from full-scale operation 
A de- 
scription of proposed additions to a 
primary plant and new secondary fa- 
cilities based on the above pilot plant 
work, is presented by Lucas (97). The 
latter paper figures. 
The use of the activated sludge process 
with supplemental nutrient addition 
has produced BOD removals from de- 
inking waste of 91 per cent at loadings 
of 94 Ib-BOD/1,000 cu ft of aerator 
capacity, according to Blosser (17). 
Quirk (130) outlines tests for deter- 
mining the amenability of boardmill 
wastes to treatment when 
mixed with domestic sewage and other 
wastes. Pehrson and Rennerfelt (117) 
report on Swedish pilot plant experi- 
with activated sludge. High 
mixed liquor solids of 6.000 to 8.000 


appears to present a problem. 


contains design 


biologieal 


ences 


mg/l are being used with wallboard 
mill wastes. BOD loadings of 150 to 
190 1b/1,000 eu ft aerator were ob- 


tained. 
ing 


In a second installation, treat- 
bleaching wastes and 
BOD removal efficiencies 
of 85 per cent were obtained at load- 
250 to 300 1b/1,000 eu ft 


evaporator 
condensates, 


ings of 
aerator. 

Finally, the problem confronting all 
paper mills, that of disposing of large 
quantities of waste fibrous sludges, con- 
tinues to receive intensive study. Gehm 
with de- 
velopments on the dewatering of these 
hydrous obtained the 
clarification of pulp and paper-making 


52) deals current research 


sludges from 
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effluents. Sludges ranging from 1.8 
to 6.4 per cent have been dewatered 
to consistencies as high as 52 per cent, 
with an over-all solids recovery of 85 
to 95 per cent by means of continuous 
feed centrifuges. Continuous pressure 
filters under development 
which promise to produce dewatered 
sludges of about 50 per cent consist- 
Recent experiments indicate 
that there are decided advantages in 
dewatering sludges together with fly 
ash on vacuum filters. It has been 
found that the mass occupies little 
more volume than sludge cake to which 
no ash was added. 


are now 


ency. 


Textile and Wool Scouring 
Wastes 


Masselli ef a/?. (103) published an 
extensive contribution to the field of 
textile waste treatment. 

The authors presented a 68-page re- 
port indicating processing methods, 
pollution sources, simplified surveys, 
pollution load ranges, pollution redue- 
tion methods, and areas of research to 
reduce pollution. The BOD from a 
cotton mill may be calculated by the 
following expression : 


Total lb BOD from mill = 0.067 x 
lb desized + 0.047 kiered + 
0.005 Ib bleached + 0.006 x Ib 
mereerized + 0.025 X lb dyed and 
printed. 


If all 


scoured, 


the cloth is desized, caustie 
bleached, mercerized, and 
dyed or printed, the average BOD load 
will equal 15 per cent of the weight of 
the cloth received by the mill. Of this 
load, 45 per cent would be contributed 
by desizing, 31 per cent by scouring, 3 
per cent by bleaching, 4 per cent by 
mereerizing, and 17 per cent by dyeing 
and, or printing. Despite the type of 
processing, desizing must always be 
done and will always contribute at 
least 45 per cent of the total mill BOD 
load. 
methods 


Also, regardless of processing 


and 


combination of desize 
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caustic scour wastes should average ap- 
proximately 75 to 85 per cent of total 
plant BOD. The total alkalinity load 
amounted to 1.7 times the BOD load. 

In wool wastes grease scouring al- 
ways contributes 55 to 75 per cent of 
the BOD, wash after fulling con- 
tributes 22 to 23 per cent of BOD in 
scouring and finishing mills. Both 
wastes together contribute 89 to 95 per 
cent of total BOD when grease or suint 
recovery is not practiced. 

Essentially all of the BOD produced 
in scouring and finishing of synthetic 
fibers is contributed by process chem- 
icals, since the fibers themselves have 
no extractable impurities. BOD loads 
from rayon, acetate, and nylon proc- 
essing are fairly low at 3.5 to 8.0 per 
cent of weight of fiber. Orlon dyeing 
produces 10- to 15-per cent BOD; 
dacron dyeing and finishing produces 
3- to 80-per cent BOD depending on 
chemical dyeing agents used. 

Segregation and recovery techniques 
are suggested topics for research. De- 
velopment and use of low BOD chemi- 
cals as substitutes should be considered. 
Emphasis should be placed on the 
elimination of the need for treatment. 

Walter (164) discusses the effect of 
high pH on trickling filters. His find- 
ings are especially significant since 
most workers are hesitant about utiliz- 
ing biological filtration on alkaline 
wastes. 

The author carried out a pilot-plant 
study of the effect of high pH from 
various wastes including 40-per cent 
highly alkaline textile wastes on trick- 
ling filters. The pilot plant removed 
about 60 per cent of the applied BOD 
in the loading range of 3,000 to 6,000 
Ib/day/acre-ft. The pilot filter pro. 
duced the greatest BOD removals on 
wastes having a pH from 8 to 9. 
Removals decreased as the pH was 
raised to 11.0 or 12.0. The filter re- 
duced the pH of the applied wastes 
when. it was in the range of 9 to 11. 
Above and below this range the filter 
had little effect on the pH of the waste. 


The percentage BOD removal by the 
filter decreased as the alkalinity of the 
applied wastes was increased. At an 
alkalinity of 3,000 mg/I| the filter pro 
duced only about one-third the normal 
BOD reduction. 

Pettet ef al. (121 de- 
composition of another highly alkaline 
and pollutional textile waste by anaero- 
bie digestion. 
ton 


courage 


the 


In the discussion of cot- 
liquor the 
the use of anaerobic digestion 


kiering authors dis- 
as a means of treatment. 

The liquor is not a 
favorable 


particularly 
for treatment by 
anaerobic digestion though it may be 


material 


noted that probably the only praetica- 


ble alternatives are with a 


sewage for 


dilution 


large volume of domestic 
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INDUSTRIAL WASTES—RADIOACTIVE 


General 


A prodigious amount of information 
on radioactive waste disposal and its 
effect on man’s environment was made 
available The United Na- 
tions released the proceedings on the 


last year, 


Second United Nations International 
Conference on the Peaceful Uses of 
Atomic Energy which contained the 


papers presented at the Conference in 
Geneva in 1958. Of national import 
were the Hearings before the Special 
Subcommittee on Atomic Energy, Con- 
gress of the United States, 86th 
First Session on Industrial Ra- 
dioactive Waste Disposal, January 28, 


Con 


fress, 


29, and 30, and February 2 and 3, 
1959, which 3,000 
pages of testimony covering all phases 
of the 
program, 


resulted in some 


atomic energy waste disposal 
the 


hearings eovering 


Testimony of second 
the area 
of disposal of radioactive wastes into 
the not released. In 


November 1959, a conference was held 


session of 


ocean has been 


on atomic energy waste disposal prac- 
Monaco. 
that conference are not yet available. 


tices in The proceedings of 


Mining and Milling Operations 


Recovery of uranium from its ores 
in the United States is performed by 
hydrometallurgical processes. Liquid 
contain iron and man- 
sulfate, nitrate, magnesium, 
uranium, chloride, and dissolved solids 
as chemical pollutants 
thorium-23 


wastes may 


ranese, 


and natural 
thorium-230, 
radioactive 


uranium, 
and radium-226, as pol- 
lutants (54 Severity of pollution 
depends on the size, quality, and ul- 
timate the receiving waters, 
while the legal aspeets depend on the 


usage of 
specific state laws involved. Holaday 
(33) lists the following compounds in 
uranium free silica, vanadium, 


ores: 
arsenic, or selenium, all of which are 
found in 


mill. 


and 
the 


known to be toxic 


the 


are 


wastes from uranium 


| 
164 
165. 
166, 
167 
“are 
+ 
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Wastes discharged per day amount to 
12.24 med and contain 9.18 ¢ of radium. 
Uranium, contained in effluents hav- 
ing a pH of at least 3, may be adsorbed 
at 80 to 90°C by passing over filtering 
beds made up of dibasie or tribasic 
alkaline earth phosphates (48). The 
tribasie phosphate of calcium = and 
mixed alkaline earth phosphates (such 
as double phosphates of caleium and 
barium or their hydrolysis products) 
are particularly effective. A primary 
factor in retention is the pH of the 
effluent. Uranium can also be removed 
by agitation in the presence of a pre- 
cipitate of a suitable adsorbing phos- 
phate, and then the concentrate may 
be separated by filtration or settling. 

Experiments carried out by Crespi 
et al. (14) show that uranium con- 
tained in mother liquors and washings 
from precipitation of uranium perox- 
ide may be recovered by concentration 
with ion exchange resins; uranium may 
then be precipitated from the con- 
centrated solution as ammonium di- 
uranate. Two particular advantages 
are referred to (a) simultaneous elu- 
tion and chemical regeneration of the 
exchanger and ()) final separation of 
the uranium in the solid state combined 
with regeneration of the eluant. 

The first of a series of studies 
planned by the Public Health Service 
to obtain data on characteristics of 
wastes, particularly radioactive, aris- 
ing in uranium ore extraction, de- 
scribed operation of a resin-in-pulp 
mill (64). In this mill, the ore is 
crushed and ground, leached with sul- 
furic acid to dissolve the uranium, and 
the coarse sands separated from the 
slurry which is fed to ion-exchange 
resin columns. The uranium is ex- 
tracted from the feed solution by resin 
beads, is stripped from the beads, 
precipitated, and dried to form yel 
low the final product of the 
After stripping of uranium, 


cake 
process. 

the ion exchange feed solution becomes 
the slimes tails and is neutralized with 
lime before discharge to the slimes 
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ponds. Data are presented on radium 
levels throughout the process. The 
authors estimate that 310 pg/day of 
dissolved radium went to the slimes 
pond, about 60 pg/day to the sands 
pond, and about 150 pg/day left the 
mill in the dried yellow cake. 

In uranium ore milling operations, 
water consumption ranges from 0.2 to 
1.4 with an average of about 0.6 gpm 
per ton of ore per day (29). This 
amounts to 865 gal of water per ton 
of ore treated and is equivalent to 
about 18 mgd of liquid tailings from 
the industry. 

Methods for the removal of radium 
from mill effluents were discussed, in- 
cluding precipitation agents, ion ex- 
change, and percolation through barite 
(18). 

By means of neutralizing the slime 
tailings with lime, one mill (26) was 
able to precipitate about 85 per cent 
of the dissolved radium. 


Fuel Preparation and Fuel 
Element Manufacture 


the 


Manufacturing 
fabrication of uranium or uranium al- 
loy fuel elements may involve melting, 
casting, rolling, machining, and metal 


operations in 


cleaning by the use of aids (35). 
Wastes generally are collected for the 
recovery of uranium. Residual wastes 
from metal cleaning, etching opera- 
tions, and final rinsing solutions are 
monitored and diluted before release 
into the river. 

At the gaseous diffusion plants at 
Oak Ridge and Paducah, the waste 
liquids discharged consist primarily of 
raffinate, spent chemical solutions, and 
very dilute aqueous solutions originat- 
ing from cleaning equipment. Emlet 
(23) stated that the waste disposal 
operations at the Oak Ridge Gaseous 
Diffusion Plant were eX- 
clusively with uranium. Alpha ae- 
tivity in the Clinch River one mile be- 
low the discharge point ranged from 2 
to 5 x 10° pe/ml compared to a back- 


concerned 
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ground alpha level of about 7 x 10°" 
pe/ml. The wastes from the Y-12 area 
in Oak Ridge consist of wastes from 
spent process solutions—raffinates, su- 
pernatants, pickling and plating solu- 
tions, or from decontamination or 
cleaning operations, housekeeping pro- 
Creek alpha 
than 4.5 x 10°77 ye/ml 

More’ concentrated 
wastes (alpha activity less than 7.2 x 
10°* pe/ml) are impounded in settling 
basins. Alpha activity levels in the 
ereeks in the vicinity of Paducah 
ranged from approximately 10-7 to 10-5 
pe mi. 


cedures, ete. 
levels 
after 


activity 
are less 


dilution. 


The feed materials plant at Fernald, 
Ohio, combines the various metallurgi- 


cal processes essential to the produe- 


tion of reactor fuel elements from 
uranium ores and mill coneentrates 
(32). The processes include acid di- 
gestion of the ores and concentrates. 
organic phase extractions of uranyl 


nitrate, subsequent conversion of the 
nitrate to and tetra- 
fluoride, reduction to uranium metal. 
and fabrication of the metal into fuel 


elements. 


uranium oxides 


The wastes produced econ- 
tain varying amounts of naturally-oe- 
curring radionuclides, prineipally those 
occurring in the uranium series. Fa- 
cilities provided (32) include hold 
tanks for raffinates, filters for removal 
of nitric insoluble material, an evapo- 
rator for concentration of the filtered 
raffinate, drum dryer, and a spray and 
rotary calciner for converting residual 

Substantially 
the radium is 
achieved by barium sulfate co-precipi- 
tation. 


nitrates to metal oxides. 


complete removal of 
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Fuel Reprocessing 


Because of the difficulty in dissolv- 
ing some of the fuel cladding materials 
used with power reactor fuels (stain- 
less steel, Zirealoy or zirconium, ete.), 
more study has been given to mechani- 
cal decladding in processing of spent 
fuels. Three approaches to mechanical 
processing are indieated (3): sawing, 
pulverizing. Selective 
chemical dissolution of fuel jackets and 
structural components is an attractive 
alternative to mechanical dejacketing 
Fuel 
thus exposed can be dissolved in an- 
other (probably less corrosive) 


shearing, and 


or complete dissolution. cores 


reagent 
in a second step (3 

For Zircaloy-clad fuel elements hav- 
ing either an oxide core or a uranium- 
niobium-zireconium alloy core, the Zir- 
flex process (6 M ammonium fluoride— 
1 M ammonium nitrate 
agents) is investigation (3). 
The Sulfex 
under test for processing stainless steel- 
clad fuels. At the Savannah River 
Plant, aluminum jackets of various 
shapes are separated from uranium by 


dissolving 
under 


(sulfuric acid) process is 


a boiling aqueous solution of sodium 
hydroxide and sodium nitrate. 
Simultaneous dissolution of jacket 
and core in the ease of zireonium-con- 
taining fuels can be aecomplished by 
hydrochlorination (Zireex process), by 
use of aqueous fluoride-nitrie acid mix- 
tures, or by dissolution in hydrofluorie 
acid-hydrogen peroxide. Stainless steel 
fuel dissolved in 
acid-ammonium _ bifluoride 
( Niflex 


and in 


elements are nitric 
mixtures 
, in dilute aqua regia (Darex), 
dilute sulfurie acid (Sulfex). 
Mercurie nitric acid is under study for 
dissolution of aluminum fuel elements. 

The Redox and Purex processes use 
methyl] tributyl 
phosphate, respectively, as extractants 
and the ura- 
nium and plutonium from produetion 
Work continued to im 


isobutyl ketone and 


are used in recovery of 


reactor fuels 


prove these processes and 


to adapt 
them to the processing of nonprodue- 


te 
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tion reactor fuels (3). Redox is be- 
ing considered for Darex feeds (stain- 
less-steel fuels dissolved in 5 M nitric 
acid—2 M hydrochloric acid), but the 
results have not been entirely satisfae- 


tory. Niflex feeds subjected to Redox 
processing were also poorly decon- 
taminated. 


A principal limitation of Purex de- 
contamination is ruthenium activity re- 
tained in product streams (3). 

Ion exchange have been 
applied to the recovery of plutonium 
and neptunium, uranium, americium, 
and actinide elements and to the re- 
moval of radioactive zirconium and 
ruthenium from process solutions (3). 

Several sites are working on pyro- 
metallurgical processes in anticipation 
that fuel processing costs will be re- 
dueed. This anticipation arises from 
elimination of chemical conversions 
and the ability to handle short-cooled 
fuels. Methods for decontamination of 
thorium-uranium fuels inelude (3): 
(a) direct volatilization of many fission 
products in an are-melting furnace 
using a nonconsumable tungsten elee- 


pre CESSES 


trode for removal of strontium, cesium, 
and appreciable quantities of the rare 
earths; (>) drip melting in which a 
thorium slug is suspended in vacuum 
in a high frequency induction coil; (c) 
fused salt electrolysis; and (d) sepa- 
ration by magnesium extractions. 

Reactors utilizing homogeneous fuel 
have the potential advantage that a 
side stream of fuel can be continuously 
removed and processed. Since such 
processing could conceivably be accom- 
plished in a closed loop, modest de- 
contamination is adequate. This con- 
cept is utilized in the aqueous homoge- 
neous reactor at Oak Ridge (3). 


Waste Handling, Treatment, 
and Disposal 


General 


Wolman (67) reported that in 1958 
the atomie energy industry had _ in- 
vested somewhat over $23 million in 
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treatment and release facilities for low 
level wastes. During the year, approx- 
imately 1.5 « 10° gal of low level wastes 
were discharged. The total activity 
discharged to date has totaled some- 
what over 2.6 million ecuries (approxi- 
mately 95 per cent of total activity has 
been associated with Hanford Opera- 
tions). The treatment and disposal 
of fuel processing wastes (high level 
wastes) continue to pose a difficult, 
expensive problem (67). Approxi- 
mately 65 million gal of high level 
wastes have been placed in storage and 
the investment in tank storage amounts 
to over $115 million. 

Thomas (62) draws the following 
conclusions from studies made on Co- 
chichewick Brook near Lawrence, Mas- 
sachusetts, and on other stream sys- 
tems: 


1. Under favorable conditions sub- 
stantial quantities of low level wastes 
may be released to inland waterways. 

2. Dispersion and so-called self-puri- 
fication processes do not destroy radio- 
nuclides, but dilution to safe levels or 
transfer to other elements of the en- 
vironment takes place. 

3. Uptake is a function of stable ele- 
ment concentration. 

4. Self-purification may 
make certain ‘nuclides more amenable 
to treatment of water works. 

5. Storage of long-lived nuclides on 
stream bed is dangerous. 

6. Hydraulic mixing and dispersion 
may be quite different during different 
periods of the year. 


processes 


Using Columbia River radioactivity 
data and a mathematical model, Harris 
(30) estimated downstream radioac- 
tivity levels on the basis of decay. Se- 
lective uptake and deposition could be 
detected by comparing initial average 
decay rates observed at downstream 
stations with average decay rates pre- 
dicted for these stations from a model 
fitted to the outfall sample. 

The uptake of specific nuclides by 
aquatic communities was discussed by 


: 


several authors (15) (25) (52). In 
discussing Hanford operations, Foster 
(25) stresses that hydrologic data alone 
is insufficient for accurate evaluation 
of radiological problems, but that a 
complete evaluation calls for detailed 
knowledge of the environmental, bio- 
logical, and operational variables, and 
accurate nuclide analyses. 

Studies on the Columbia River 
showed that significant quantities of 
various isotopes were concentrated in 
the bodies of most organisms which 
had access to the contaminants via the 
natural food web. Food organisms of 
man, therefore, could accumulate haz- 
ardous levels of certain radionuelides 
from water which contained concentra- 
tions of the contaminants that were 
well within the permissible limits for 
drinking water. The data presented 
(15) emphasize the value of radio-eco- 
logical research to further elucidate 
and evaluate environmental relation- 
ships pertaining to radioactive waste 
disposal. 

Foster (24) states that in the evalua- 
tion of exposure, which man receives 
from an environment that contains 
radioactive waste, consideration must 
be given not only to drinking water but 
to all sources which may contribute to 
the total exposure. For exposure from 
internal emitters, it is the burden of 
isotopes deposited in the body which is 
of importance. The MPC’s are only 
guides to be used as one facet of ex- 
posure calculation. Because plants 
and animals concentrate certain § iso- 
topes, these forms must be ineluded in 
the monitoring program since their 
contribution to the total exposure may 
exceed the contributions from other 
sources. 

Studies regarding the identification, 
source, and control of radionuclides in 
the recirculating type, cooling water 
system of the Low Intensity Test Re- 
actor (LITR) at the Oak Ridge Na- 
tional Laboratory were reported by 
Moeller et al. (42). 

In discussing the problem of waste 
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disposal from nuclear powered vessels, 
Smith (57) indieates that only limited 
facilities must be provided for essen- 
tially complete protection of the ship’s 
marine environment. The wastes ex- 
pected from water-type reactor sys- 
tems are such that intelligent use of 
the sea for direct disposal is possible. 

Low level wastes are treated by 
a process including Fes(SO4)3 and 
NaOH addition, settling, filtration 
through quartz (sand), and ion ex- 
change treatment through cation and 
anion exchange beds in series (65). 
The treated effluent is discharged to 
the river and the sludge goes to covered 
sludge storage beds. 

A description is also given of a pilot 
plant designed to treat radioactive 
wastes from chemical, physical, and 
biophysical laboratories (8). 

Describing experiences at Mol, Bel- 
gium, Dejonghe et al. (16) indicate 
that ‘‘cool’’ effluents are treated by 
phosphate coagulation and bio- 
logical treatments can also be applied. 
Batch tests give decontamination re- 
sults of more than 95 per cent for 
uranium and 80 to 95 per cent for 
most of the B-y emitters. The ‘‘warm”’ 
effluents containing cationic radioiso- 
topes can be easily and cheaply treated 
by filtration through columns or con- 
tinuous filters of lignite (brown coal) 
after phosphate coagulation. If levels 
of activity are high, evaporation is the 
only practical method of treatment. 

Following a discussion of the waste 
disposal practices—both actual and 
speculative—Struxness and Blomeke 
(58) conelude that the treatment of 
high level radioactive wastes and dis- 
posal of them in a permanent sense are 
mainly in the coneeptual and forma- 
tive stage. There has been little treat- 
ment given to high level wastes other 
than neutralization, evaporation, and 
storage as concentrated salt solutions 
in steel tanks. 

Since solids can be stored with less 
risk of dissipation than liquids, the 
final aim according to Burns and Gluece- 
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kauf (12) must be to reduce all wastes 
to two final components: (a) ade- 
quately pure water and (b) solid ra- 
dioactive waste. The most effective but 
also most expensive way of carrying 
out this separation is by evaporation. 
For large volume-low activity wastes, 
some form of chemical treatment is 
more economical than evaporation. 
After single-stage precipitation treat- 
ment, most of the cesium and iodine, 
some strontium, and some ruthenium 
usually remain. Further stages of treat- 
ment are, therefore, required. These 
can inelude further precipitations, pref- 
erably combined with treatments in- 
tended to convert anionic and non-ionic 
ruthenium species into cationie ones 
which may be precipitated. Other 
types of second-stage treatment which 
can be earried out cheaply are passage 
through ion exchange beds specifie for 
strontium or cesium, or complete de- 
ionization. Three schemes were studied 
and costs estimated per 100,000 gal 
(Imp.) as follows: (a) precipitation 
and controlled disposal (99.65 per cent 
of a and 90.89 per cent of B activity 
removed )—£123.25; (b) precipitation 
and vermiculite columns (99.95 per 
cent a and 99.36 per cent B activity 
removed)—t117; and (e) precipita- 
tion and electro-deionization (100 per 
cent @ and 99.85 to 100 per cent B ae- 
tivity removed )—£144.1. 

Continuous processing of the super- 
natant from neutralized sodium nitrate 
or aluminum-bearing waste by ion ex- 
change appears particularly promising 
for the removal of cesium and stron- 
tium, which have been removed by 
factors greater than 10° and 10°, re- 
spectively (5). Sinee about 99 per 
cent of the strontium remains in the 
neutralized waste sludge, the over-all 
removal for strontium was greater than 
10°. Similar results are expected for 
the other limiting long-lived isotopes, 
Cf?4?, and Am**!, based on 
their known solubilities in alkaline so- 
lutions and ion exchange character- 
isties. Ruthenium-106 can be removed 


1959 LITERATURE REVIEW. II. 579 


by electrodeposition by factors greater 
than 200. 

Frequently, statements have been 
made on the advantages to be gained 
in recovering long-lived fission prod- 
ucts and then of releasing the residual 
wastes after short-term detention—up 
to 10 years or so. Moore and Burns 
(43) bring this question back into 
perspective in pointing out that most 
recovery processes will remove stron- 
tium and cesium with a decontamina- 
tion factor of 10 to 100, whereas de- 
contamination factors of 10° and 10° 
are needed to reduce the cesium and 
strontium to permissible drinking water 
levels. With decontamination factors 
of 10 to 100, complete confinement of 
the wastes, further treatment to reduce 
these isotopes to non-hazardous levels, 
or controlled disposal to the ground 
under favorable conditions of soil re- 
tention and remoteness from public 
waters would be required. Fission 
product utilization, even if highly sue- 
cessful, will have a relatively small ef- 
fect on the waste disposal problem 
(40). 

In commenting on the future of high 
level waste management from the nu- 
clear power industry (to the year 2,000 
A.D.), Parker (51) stated that (a) 
the expanded use of atomic energy 
need not be inhibited at all by the 
radioactive waste disposal problem un- 
less there should be concurrently a 
drastie reduction in permissible radia- 
tion exposures; (b) feasible methods 
at reasonable costs are known for im- 
proving control of wastes; (¢) con- 
tinuous examination of the exposure 
pathways around each principal release 
site is needed; (d) extensive research 
into three areas of radiological sciences 
will be needed, namely : the mechanisms 
of transmittal of radioactive materials 
through numerous environmental path- 
ways; the significant radiation ex- 
posure to man and other life forms as 
receptors from these channels; and ae- 
ceptable limits of exposure of man and 


. 
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other life forms as individual receptors 

and as components of a genetie pool. 
Wolman (65 

makes the 


in general summary, 
following statement: The 
... point with respect to low activity 
waste is simply that it is not a disap- 
pearing problem. It is a mounting 
one. Its greatest value is that it can be 
managed with economy, but it must be 
careful criteria 

public super- 


managed with rather 
extremely 


vision. 


and caretul 
Commenting further he goes 
on to say, [| have been a strong 
advocate, in the case of other pollutants 
more familiar to us, of using nature, 
under control, as one of our major 
methods of disposal. I would establish 
and use exactly the thesis with 
low level activity in the radiation field. 
I think we would be discarding an 
extremely valuable natural asset if we 
did not make use of nature with low 
activity waste. My only comment was 
that, when we do that, as we do with 
any other kind of pollutant, we must 
do it with logic, with criteria, and with 
persistent monitoring. That was not 
intended to that we should 
stop doing it, because I think we would 
throw away an extremely valuable dis- 
posal method.”’ 

By example Swope (60) reviewed 
AEC level 
wastes and described procedures used 
by Argonne in handling its waste. She 
makes a point which bears repeating, 
namely, 


same 


indicate 


regulations regarding low 


to awake city, county, 
and state agencies to the fact that, if 
they have not already done so, they 
must be prepared to analyze for radio- 
activity.’’ 
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Tank Storage 


Doan (19) describes the disposal fa- 
cilities at the various reactor sites lo- 
cated at the National Reactor Test Sta- 
tion. Radioactive liquid wastes result 
from the three cycles of liquid extrac- 
tion by which the enriched uranium is 
recovered from the dissolved fuel ele- 
ments at the Idaho Chemical Process- 
ing Plant. After evaporation the 
wastes are stored in appropriate under- 
ground tanks—water-cooled tanks for 
first-cyele wastes and uncooled tanks 
for second- and third-cycle wastes. 
Tank storage costs are given as $2.63 
per gallon for stainless steel tanks in 
which acid wastes are stored and $4.90 
per gallon for storage of zirconium 
wastes. At both the Materials Test Re- 
actor and the Engineering Test Re- 
actor sites (19), the bulk of the waste 
results from the primary process water 
system used to cool the reactor core 
components. 
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Chemical Treatment 


In earlier studies of soil disposal at 
Hanford, it was observed that the re- 
tention of strontium-90 on certain soils 
was greatly enhanced in the presence 
of phosphate ion, while cesium-137 re- 
tention was unaffected. Further study 
showed that the mineral calcite (Ca- 
CO;) was responsible for the increased 
strontium-90 retention (2). The mech- 
anism involved was determined, and 
its applicability to strontium-90 re- 
moval from wastes was partially evalu- 
ated. If was found that the alka- 
line-earth carbonates were altered to 
carbonate-apatite in the presence of al- 
kaline phosphate solutions. The mech- 
anism shows promise in removal of 
so-called ‘‘bone-seeking’’ radioisotopes 
from wastes, since this mechanism and 
bone formation both result in a ear- 
bonate-apatite containing these radio- 
isotopes. 

The process waste treatment plant at 
Oak Ridge National Laboratory was 
described by Cowser et al. (13). They 
indicated that the lime-soda softening 
process is an effective and economical 
method for removal of strontium and 
the total rare earths from large vol- 
umes of low level wastes. Cesium can 
be removed from these wastes by the 
addition of clay in this process. Re- 
sults reported indicate 80 to 90 per 
cent removal of strontium; other nu- 
clides showed removals of 50 to 90 per 
cent or more. 


Additional Reference 
Bernard, C., ‘‘Industrial Problems in the 
Processing of Radioactive Effluent. Some 
Specific Solutions Applied at Marcoule.’’ 
Proc. Second United Nations Intnl. Conf. 
on Peaceful Uses Atomic Energy, Geneva, 
Switzerland, Sept. 1-13, 1958, 18, 86. 

United Nations, Geneva (1958). 


Ion Exchange 


Susié and Selenié (59) used ion 
exchange techniques with different 
concentrations of HCl to separate long- 
lived radioisotopes from fission prod- 
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ucts and corrosion elements. Purifica- 
tion of the radioisotopes from the group 
is accomplished with Compiexone-II 
for cesium-137, ammonium citrate for 
strontium-90, and anion-exchange resin, 
Dowex-2, with concentrated HCl for 
the isolation of zirconium-95-niobium- 
95. Uranium and iron, in the form of 
thiocyanate complexes, can be precipi- 
tated from a mixture containing fission 
products and corrosion elements by 
coprecipitation with methyl violet. 

Basic silica gel (called a cheap ion 
exchanger) is capable of adsorbing 
strontium-90 and cesium-137 from 
wastes (41). Removal of cesium-137 
may be increased to 99.5 per cent by 
passing the solution through a layer of 
silica gel. 


Additional Reference 


Toanid, G., Mastacan, G., Bunus, F., Popesco, 
M., Stanciu, and Cioc%nel, A., ‘‘ An In- 
vestigation in the Use of Romanian Clays 
as Ion Exchangers in the Decontamination 
of Radioactive Wastes.’’ Proc. Second 
United Nations Intnl. Conf. on Peaceful 
Uses Atomic Energy, Geneva, Switzerland, 
Sept. 1-13, 1958, 18, 598. United Nations, 
Geneva (1958). 


Fixation 


The equipment designed and devel- 
oped for sintering experiments at Oak 
Ridge National Laboratory was de- 
scribed by Boegly and Struxness (6). 

Canadian experiments with neph- 
aline syenite (66) showed that volatil- 
ization of ruthenium and cesium oc- 
eurred. By preparing an alkaline mix 
the nitrosyl nitrate complexes in the 
mix are hydrolized to a nitrosyl hy- 
droxide of ruthenium which decom- 
poses to the non-volatile ruthenium 
dioxide at temperatures below 900°C, 
thus retaining 99 per cent of the 
ruthenium. At temperatures above 
900°C, ruthenium dioxide is air oxi- 


dized to the volatile tetroxide. Firing 


the mix in an atmosphere of COQz re- 
duces the loss of ruthenium. Cesium 
losses as a function of temperature and 
mix composition are not as well under- 
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stood. Equipment has been constructed 
to incorporate several thousand curies 
of aged fission products into glass. 
Batchwise treatment on a_ scale of 
about 100 curies is possible. Even 
though leach rates are low, leaching 
over a considerable period of time will 
result in the release of large amounts 
of activity. The suggestion is made 
of utilizing glazes to reduce leach rates 
or that the glass be stored in dry areas. 
From studies with glazes and fused 
ceramics, Eliassen and Goldman (22) 
conclude that aluminum-bearing fission 
product wastes can be incorporated 
into ceramic glazes, thus getting rid of 
the aluminum nitrate from chemical 
processing as well as the fission products. 
The systems showing greatest promise 
to date are: CaOQ-—Al.03;—-B.0;-Si0. 
and Na 

In France, results (9) have been re- 
ported of studies on the retention of 
activity in glasses prepared at 1,000°C 
and micas at 1,300°C. 

Thomas (63) examined the stability 
of radioactive glasses and sinters theo- 
retically and the problem relating to 
the mobility of radioactivity within 
masses of earth. 

A process utilizing clay sponges is 
deseribed by the Los Alamos Scientific 
Laboratory (39). The process involves 
the preparation of a highly porous clay 
body, which is fired at about 800°C, 
soaked in the liquid waste, dried, re- 
soaked (the cycle is repeated as many 
as 3 to 5 times), and finally fired at 
about 1,300°C to fix permanently the 
radionuclide. Studies show that the 
sponge has absorbed a Purex waste up 
to 200 per cent of its weight after four 
cycles. 

Brookhaven National Laboratory re- 
ports (31) that the efficiency of clay 
columns for high level waste decon- 
tamination depends on the concentra- 
tion of nonradioactive cations in the 
influent solutions. Waste solutions are 
coneentrated, deacidified, and when 
treated with thioacetamide should be 
compatible with the clay process and 


| 


should yield high decontamination fae- 


tors for strontium and cesium. 
Kaufman and Garden (37) add Port- 

land cement and vermiculite to absorb 

liquid wastes. The solidified waste is 


stored and handled as a solid waste 


package. 
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Calcination 


Caleination is designed to meet two 
basic objectives of ultimate disposal: 
(20). In the caleination process the 
salts present in the wastes are con- 
verted to their stable oxides by thermal 
decomposition and steam hydrolysis. 
The three stages of the process include: 
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(a) calcination in a rotary ball kiln; 
(b) off gas recovery; and (c) oxide 
leaching and storage. The authors 
conclude that calcination in rotary ball 
kilns appears to be practical with re- 
spect to product quality, mechanical 
design, off gas volume, and dust earry- 
over. 

Continued developments in the fluid- 
ized bed process of fuel processing is 
deseribed by Loeding et al. (38). Com- 
parative economic studies have been 
made and show that fluid bed calcining 
will cost $0.582/gal and ball mill eal- 
cining, $0.863 /gal. 

At Argonne, feasibility studies are 
being performed on the fluidized-bed 
calcination of Hanford Purex low acid 
waste solution (3). 


Additional Reference 
Loeding, J. W., Jonke, A. A., Rodgers, W. A.., 
Larsen, R. P., Lawroski, S., Grimmett, E. 
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Ground Disposal 


In commenting on ground disposal, 
Theis (61) stated that the safe and 
efficient disposition of waste demands: 
(a) a thorough exploration of the 
geology and hydrology at the site; (b) 
an extension of basie knowledge of 
movement of ground water and the 
geochemistry involved; and (c) a fol- 
low-up monitoring program to insure 
that the hydrology and geology have 
been properly interpreted. 

Disposal of low level liquid radioac- 
tive wastes to the ground at Hanford 
and the Savannah River Plant is 
founded on the ability of various earth 
materials to remove and retain fission 
product cations. Practical experience 
covering 12 years at Hanford and four 
years at Savannah is reviewed (11). 
Oak Ridge practices in ground dis- 
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posal are described by de Laguna et 
al. (17). 

At the National Reactor Test Sta- 
tion, low level wastes are discharged 
directly through disposal wells which 
penetrate the ground water table, or 
indirectly through seepage pits or 
ponds (34). It is reported (34) that 
during the period 1952 through 1958, 
8,900 ¢ of radioactivity were released 
to the ground of which 85 per cent had 
a half-life of less than 10 days; 10 per 
cent, 10 to 100 days; and 5 per cent, 
more than 100 days. 


Additional References 


Brown, R. E., Pearee, D. W., de Laguna, W., 
Struxness, FE. G., Horton, J. H., Jr., and 
Patterson, C. M., ‘‘*Experience in the 
Disposal of Wastes to the 
Ground.’ Hearings before Special Sub- 
comm, Radiation of Joint Comm. on Atomic 
Energy, Congress of U. S., 
First Ind, 
Disposal, Jan. 28-30; Feb. 2-3, 1959, 2, 
1205. U. S. Govt. Printing Office, Wash- 
ington, D. C. (1959). 

Christenson, C. W., Fowler, E. B., Johnson, 
G. L., Rex, E. H., and Virgil, F. A., ‘‘In 
dustrial Wastes.’’ Hearings before Spe- 
cial Subcomm. Radiation of Joint Comm. 

86th 
Congress, First Session on Ind. Radioactive 
Waste Disposal, Jan, 28-30; Feb. 2-3, 1959, 
2, 1254. U.S. Govt. Printing Office, Wash- 
ington, D. C. (1959). 

de Laguna, W., Cowser, K. E., and Parker, 
F. L., ‘‘Disposal of Radioactive Liquid 
Wastes in Terrestrial Pits—A Sequel.’’ 
Hearings before Special Subcomm. Radia 
tion of Joint Comm. on 


Radioactive 


86th Congress, 


Session on Radioactive Waste 


on Atomic Energy, Congress of U. S., 


Atomic Energy, 

of U. 8., 86th Congress, First 

Ind. Radioactive Waste Dis 
posal, Jan. 28-30; Feb. 2-3, 1959, 2, 1172. 
U. S. Govt. Printing Office, Washington, 
C. (1959). 

Oreutt, R. G., Rifai, M. N. E., Klein, G., and 
Kaufman, W. J., Move 
ment of Hearings 
before Radiation of 
Joint Comm. on 
of U. 8., 86th 
Ind. Radioactive Waste Disposal, Jan, 28 
30; Feb. 2-3, 1959, 2, 1227. U. 8. Govt. 
Printing Office, Washington, D. C. (1959). 

Pearce, D. W., ‘‘Disposal of Radioactive 
Liquid Wastes to the Ground at Hanford.’’ 
Hlearings before 

of Joint 

Congress of U. 8 


Congress 


Session on 


** Underground 
Radioactive Wastes.’’ 
Special Subcomm. 
Atomic Energy, Congress 
First 


Congress, Session on 


Special Subcomm. Radia- 
Comm. on 
S6th 


tion Atomic Energy, 


First 


Congress, 


1959 LITERATURE REVIEW. II. 


585 


Session on Ind. Radioactive Waste Disposal, 
Jan. 28-30; Feb. 2-3, 1959, 2, 1124. 
U. S. Govt. Printing Office, Washington, 
D. C. (1959). 

Spitzyn, V. I, Balukova, V. D., Naumova, 
A. F., Gromov, V. V., Spiridonov, F. M., 
Vetrov, E. M., and Grafov, G. L, ‘‘A 
Study of the Migration of Radioelements 
in Soils.’? Hearings before Special Sub- 
comm. Radiation of Joint Comm. on Atomic 
Energy, Congress of U. 8., 86th Congress, 
First Session on Ind. Radioactive Waste 
Disposal, Jan. 28-30; Feb. 2-3, 1959, 3, 

1913. U. S. Govt. Printing Office, Wash- 

ington, D. C. (1959). 


Deep Well Disposal 


Deep well disposal of radioactive 
wastes is considered feasible and eeo- 
nomical for low and intermediate level 
wastes (6). In selecting a site for in- 
jection, the geology and hydrology 
must be known and monitored subse- 
quently. Chemical treatment of wastes 
will be necessary prior to injection. 

The Subcommittee on Disposal of 
Radioactive Waste, American Petro- 
leum Institute, considered the problems 
associated with the disposal of radio- 
active waste in deep wells (1). Among 
the principal problems to be solved 
were: (a) the disposal reservoir must 
be clearly defined and capable of con- 
fining the radioactive waste solution 
for indefinite periods; (+) the heat 
generated during decay should be dis- 
sipated at a sufficient rate to prevent 
excessive increases in temperature; (¢) 
the disposal formation should be pro- 
tected against damage such as fractur- 
ing, premature plugging, and other 
causes; (d) the failure of disposal well 
equipment, as a result of corrosion or 
other causes, must be prevented; and 
(e) an economical disposal plant must 
be designed and safe operating pro- 
cedure must be developed. 


Salt Disposal 
the 


storage of 


Consideration of 
eavities for 


salt 
radioactive 


use of 


wastes resulted from the knowledge 
and experience of storage of petroleum 
gases at such sites since 1950 


(1). 


il 


Salt formations have the following ad- 
vantages when considered for storage 
of radioactive wastes: (@) impermea- 
bility ; (b) wide distribution of areas; 
(c) large volumes of salt close to the 
surface; (d) acceptable structural 
properties; (e) low thermal condue- 
tivity; (f) containment properties of 
wastes; (gy) low cost of developing 
space; and (h) location in areas of 
low earthquake activity. Offsetting 
these advantages is the fact that little 
is known about the degree to which the 
desired structural properties of the 
salt are affected by liquid wastes, pres- 
sure, temperature, and radiation. 
Studies of thermal consideration by 
Birch (4) indicate that nearly any 
quantity of waste producing heat at the 
rate of 0.01 w/gal, if distributed in a 
layer of the order of 100 m thick, can 
be accommodated without undue 
of temperature. Schechter and Gloyna 
(56) also have reported on theoretical 
studies of temperature distribution in 
salt cavities. They conclude that eavi- 
ties much in excess of 30 ft in radius 
will produce temperature increases in 
waste beyond permissible limits, that 
the wastes should be diluted to reduce 
temperature and that the tem- 
peratures are sensitive to changes in 


rise 


rise, 


values of vapor pressure, total volume 
occupied by the waste, and thermal 
conductivity. 

Gloyna ef al. (28) summarized re- 
search on the storage of reactor fuel 
wastes in salt formations. A few of 
the problems investigated include: (a) 
domes; 
structural stability; (¢) permeability ; 
(d) thermal heat effect; (e) 
(f) stress distribution; (9) 
fect: (h 
tion effect ; 
tion cavities; 


reological studies of salt 

ereep; 
time ef- 
effect; (7) radia- 
j) cost of developing solu- 
and (k development of 
design principles for disposal into salt 
cavities. 

Analytical studies (49) (50) show 
that it is possible to store 2-yr-old waste 
in a 10-ft 
exceeding a 


chemical 


diameter sphere without 
temperature of 200°F. 
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Laboratory tests show that the strue- 
tural properties of rock salt are not 
greatly altered by high radiation doses 
although the creep rate is increased at 
high temperatures. Chemical interac- 
tion of liquid wastes vith salt produces 
chlorine and chlorine compound gases, 
but the volume is not excessive. Field 
tests are planned to study migration 
of nuclides through the salt and the 
deformation of the salt cavity. 


Ocean Disposal 


Two reports relating to waste dis- 
posal into the sea were released by the 
National Academy of Sciences-National 
Research Council; one covers the pos- 
sible disposal of radioactive wastes into 
selected areas of the Atlantic and Gulf 
Coastal waters (45), and the other 
deals with release of wastes from nu- 
clear-powered ships (44). 

Twenty-eight possible sites were ree- 
ommended for offshore waste disposal 
of packaged, low level radioactive 
wastes (45). For safe disposal the 
following criteria were indicated: sur- 
vey of water circulation and inventory 
of bottom-living organisms, limitation 
of deposition to 250 e/yr and 100 e/ 
month of strontium-90 or its equivalent 
per site, separation of adjacent areas 
by at least 75 miles and limitation of 
three disposal areas per 300 miles of 
coast line, use of sinkable containers, 
and periodic monitoring. 

Disposal of nuclear powered vessel 
wastes was considered on the basis of 
release to four marine environments: 
(a) and coastal 
waters out to 2 miles from shore; ()b) 
coastal between 2 and 12 miles 
from shore; (c) outer Continental 
Shelf, extending 12 miles offshore out- 
ward to the 200 fathom depth contour ; 
and (d) open sea, beyond 12-mile limit 
and depth greater than 200 fathoms 
(44). 


presented to cover disposal operations 


harbors, estuaries, 


area 


Specifie recommendations are 


in each of these areas. 


Revelle and Schaefer (55) review the 


586 

: 

La 


Vol. 32, No. 6 


problems associated with sea disposal 
of radioactive wastes under the follow- 
ing headings: (a) pollution hazards in 
confined waters through accidents to 
nuclear-powered ships, (b) fate of 
radioactive materials in coastal waters, 
(c) use of the deep ocean waters as 
possible sites for high level wastes, (d) 
removal of radioactive materials from 
ocean waters by sedimentation proc- 
esses, (€) uptake and retention of 
radioisotopes by organisms used as 
food for man, and (f) effects of the 
biosphere on the distribution and eir- 
culation of radioactive elements. 

An area suggested for disposal of 
high level wastes has been deep ocean 
trenches. Bogorov and Kreps (7) 
studied the Tonga Trench, depth 10,816 
m, and reported that there was mixing 
in the trench. Radioactive waste com- 
pounds dumped into the trench and 
dissolved could be brought to the upper 
layers of the ocean exploited by man. 
They do not recommend use of this or 
other trenches until extensive further 
oceanographic investigations are made. 

The investigations carried out by 
the U. K. Atomie Energy Authority 
Establishment at Winfrith Heath to 
study the possibilities of utilizing the 
area of the coast for low level waste 
disposal are described by Bowles et al. 
(10). 

Dunster (21) reviewed the first five 
years’ experience in the release of low 
level radioactivity into the Irish Sea 
at Windseale during which discharges 
at a mean rate of 3,000 ¢/month took 
place. As a result of the experimental 
program, he feels that it would be safe 
to release some 20,000 ¢/month of fis- 
sion products at a point 3 km off this 


part of the Cumberland Coast. More 
recent data suggest that this could 


possibly be inereased to as much as 
100,000 ¢/month. 
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Costs 


Kaufman and Garden (36) have re- 
ported the following costs based on 
their 1957 operations: dry waste per 


drum—$6/eu ft; concrete bloek— 
£9.50/eu ft; and liquid waste per drum 
$2 /gal. 


Comparative costs for sea and land 


disposal were made by Nielsen (47) 
for handling wastes from the Liver- 
more Radiation Laboratory. Depend- 


ing on the number of drums shipped, 
mode of shipment, and depth of dis- 
posal, costs of sea disposal ranged from 
$5.28 to $20.47 per 55-gal drum. Land 
disposal costs varied from $14.05 to 
$19.25 per drum depending on place 
of disposal and mode of transporta- 
tion used. 

Because of the long period of time 
involved, present worth concepts (the 
time used in 
economic calculations involving waste 


value of money) were 


disposal (27 In comparing the three 
systems—tank storage, salt cavity stor- 
age, and combined tank-salt cavity sys- 
tem—they that either a com- 
bination tank-salt cavity system or a 
leads to 
costs for liquid-waste storage than tank 


show ed 


cavity system alone lower 


storage alone (neglecting transporta- 


tion charges 


Legislation 
The National Committee on Radia 
tion Protection released a new hand- 


Ilandbook 69 with revised 


recommendations for maximum permis- 


book 


sible body burdens and maximum per- 
missible concentrations of radionuclides 
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in air and in water for 
exposure (46). 

In 1956, the Ministry of Housing and 
Local (England) invited 
the Radioactive Substances Advisory 
Committee (appointed under the Ra- 
dioactive Substances Act, 1948) to ap- 
point an expert panel with the follow- 
ing terms of reference: ‘‘To ascertain 
the nature and quantity of radioactive 
waste likely to arise in the forseeable 
future; to advise on the best methods 
of securing that the waste is disposed 
of safely; and to advise whether any 


occupational 


Government 


new legal provisions or amendments to 


existing legislation are necessary to 
ensure safe disposal, and, if so, to ad- 
the which the new pro- 
visions or amendments should take.”’ 
Those principles of particular interest 


are quoted from the report (53). 


vise on form 


(i) It is not in the nature of radio- 
activity that the economic value of the 
useful materials involved can be real- 
ized without some release of ionizing 
radiations to the general environment. 
this controlled 
within safe limits. 

**(i1) Discharges of waste should be 
so controlled as to ensure, irrespective 
that they will not put into 
circulation an amount of radioactivity 
which would directly the 
health of any member of the public 


release ean be 


of cost, 
endanger 
In addi- 


living in the neighborhood. 


tion in considering whether a given 
discharge should or should not be per- 
mitted, it is necessary to decide whether 
the radiation from the discharge, when 
added to that from all other sourees of 
radiation, is likely to result in a genetic 
hazard to the nation as a whole; from 
the 
for example, London as of 
Manchester if the inhabitants of either 


are exposed to ionizing radiations. 


sé 


this point of view it is as mueh 


coneern of, 


(iii) In considering the permissible 
general levels of discharge, it is neces- 
sary to have regard to other additions 
to natural 


background activity—e.g. 
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from X-rays or fallout—which are in- 
capable of being aceurately assessed or 
influenced except on a national basis. 

‘*(iv) The numbers of people who 
have sufficient scientific knowledge to 
evaluate these problems is so limited 
that it would not be practicable to set 
up a large number of separate local 
controls. 

**(v) The indications are, therefore, 
that control ought to be organized on a 
national basis as a government re- 
sponsibility. 
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In late 1958, the Public Health Serv- 
ice made a presentation of per capita 
costs of constructing sewage treatment 
plants (1). data were 
more or less gross figures for primary 
treatment, secondary treatment, and 
stabilization ponds. At that time, it 
was stated that the study would be 
continued, refined, and updated peri- 
odieally. 

Among the data furnished for sew- 
age treatment projects receiving finan- 
cial assistance under the Federal Water 
Pollution Control Act are the amounts 
of contracts for construction. As of 
June 30, 1959, 553 of these projects 
involving new plant construction were 
selected for analysis as shown in Table 


I. Only those projects were included 
for which the contract cost of the plant 
alone could be clearly identified, and 
only the contract cost is considered in 
this paper. The eost of interceptor 
and outfall sewers, pumping stations 
not contiguous to the plant structure, 
and administrative, legal, fiseal, land, 
and engineering costs have been ex- 
eluded. Experience under the Federal 
Construction Grants Program has dem- 
onstrated that construction contract 
costs represent about 80 per cent of 
the total first cost of sewage treatment 
plants. 

The types of treatment plants in- 
cluded in the study as well as the num- 


* Present address, Sonoma County, Cali 


fornia, Engineering Department. 


ber of projects in each category are 
shown in Table II. All states are 
represented in the study except Alaska, 
Delaware, Hawaii, and Nevada. As 
more data become available, it is hoped 
to examine costs on a regional or area 
basis; but for the present, the United 
States is taken as a whole. 

Earlier examination of construction 
figures revealed wide and vexing varia- 
tions that could not be explained en- 
tirely by design. Variances in labor 
and material costs throughout the 
United States prompted an effort to 
reduce these costs to a common base so 
that greater correlation could be ob- 
tained. The relative levels of these 
costs over a period of time have been 
reduced to indexes of kinds. 
The Engineering Con- 
struction Cost Index was selected be- 
cause of its wide acceptance in the con- 
struction field. This index has the 
added virtue of reflecting the differ- 
ences spatially. 


several 
News-Reeord 


The geographie differences in con- 
struction cost are substantial. For ex- 
ample, the 1913 base ENR Construction 
Cost Index for the U. S. in June 1959 
was 795; but among the 20 cities mak- 
ing up this average, Dallas was the 
lowest at 573 and New York the 
highest at a 71-per cent differ- 
ential. It was felt that if these indexes 
could be utilized to reduce the total 
cost to a common base, the variation 
caused by differences in the cost levels 
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State 


Alabama 
Arizona 
Arkansas 
California 
Colorado 


Connecticut 
Delaware 

Dist. of Columbia 
Florida 
Georgia 


Idaho 
Illinois 
Indiana 
lowa 
Kansas 


Kentucky 
Louisiana 
Maine 

Maryland 
Massachusetts 


Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 


Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 


New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 


Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 


Tennessee 
Texas 
Utah 
Vermont 
Virginia 


Washington 
West Virginia 
Wisconsin 

Wyoming 


Total 


| 


Imhoff 
Tank 


TREATMENT COSTS 


Primary 
Treatment 
with 
Separate 
Sludge 
Digestion 


Activated 
Sludge 


te 


TABLE I.—Distribution of Study Plants by State 


Trickling 
Filters with 
Separate Sludge 
Digestion 


Trickling 
Filters with 
Imhoff Sludge 
Digestion 


595 


Raw Sewage 
Stabilization 


1 3 4 — 
| 4 — - 
2 6 — 
— — 4 6 
2 — 1 — 
2 - 7 
1 1 6 3 — 
— 4 — 4 1 
— 3 — 9 3 
4 1 — 14 6 4 
— 2 2 - 
3 1 — 3 7 1 — 
at 2 xm othe 
- 10 3 4 — . 
2 1 9 1 3 
1 2 5 — 9 
t - - - — 
2 ~ 2 
5 
2 4 — 1 — 
2 8 3 
32 
= 2 Ss 4 6 3 1 
3 — 9 1 3 
- 5 I 5 2 — 
2 1 4 I — 
5 | 3 
2 12 3 
- 4 
— 
6 6 2 5 2 
| 3 6 1 1 9 
7 3 15 | 
| — | — - 10 
— | 29 | 107 37 | 186 42 | 152 


596 


TABLE II. —Distribution of Study Plants 


by Type Treatment 


Imhoff tank 29 

Primary treatment with separate sludge 
digestion 107 

Activated sludge 37 


Trickling filters with separate sludge 
digestion . 186 


Trickling filters with Imhoff sludge 


digestion 42 
Raw sewage stabilization ponds . 152 
Total. ... 553 


of labor and material would be sub- 
stantially removed. The remaining dif- 
then be attributed to 
design factors, labor productivity, and 
purely local conditions. 

Hlowever, none of the projects for 
which have utilized 
were the index cities. It 
was necessary, therefore, to assign an 
‘‘area of influence’’ for each city. In 
consultation with commercial market- 
ing and engineering specialists, the 


ferences eould 


cost data been 


located in 


country was divided into 20 areas on 
a county 


line basis as shown on the 
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Figure 1. Contraet costs of 
projects in any given area were divided 
by the index for the index city for the 
month that the contracts were awarded. 
This procedure converted all data into 
1913 dollars, which is the base of the 
ENK Index. All work in this paper is 
in these terms. This device also allows 
new projects to be added to the study 
as further information becomes avail- 


able. 


map in 


Basis for Study 


There are several bases on which 
costs might be analyzed or unit costs 
determined, each having its own merits 
with being more desirable than 
others. Velz (2) and later Diachishin 
(3) have presented costs per unit flow. 
The 
part on this basis and compared well 
with both 


flow figures were not always available 


some 


present data were examined in 


studies. However, design 
for the projects included in the study. 
Consideration was also given to re- 
lating cost data to organie loadings, 
i.e., population equivalent basis. This 


Minneapolis 


Oalias 


The cities shown ore those for which the 
Engineering News-Record Construction Cost indes 
compiled 


FIGURE 1.—Proposed regions for deriving per capita costs of sewage treatment 
works construction. 
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would be desirable for secondary treat- 
ment plants since the biological treat- 
ment units are designed on this basis. 
However, this information was not 
available in sufficient volume for in- 
clusion in this study. Perhaps the 
best analysis might be conducted on 
a eapitalized cost basis which would 
take into consideration features that af- 
fect operation and maintenance. This 
method is not feasible at the present 
time, however, since other ‘‘desirable’’ 
data are not available. The decision, 
therefore, was made to use design pop- 
ulation as the base for this cost analy- 
sis. Design population, like the de- 
sign flow and population equivalent, is 
an estimate of future conditions based 
on sound engineering judgment. The 
use of design population has the added 
advantage that it tends to be on the 
conservative side since estimated flow 
and population equivalent are both 
generally promulgated from the design 
population plus allowances for indus- 
trial contribution and other factors. 

It is known, however, that the plants 
in this study include designs covering 
a wide variety of conditions. Some 
provide only for the treatment of do- 
mestie sewage with no industrial con- 
tribution, while others inelude vary- 
ings amounts of industrial wastes of 
high oxygen demand or other chemieal 
nature. 

The conversion of total contract costs 
to per capita costs has thus taken into 
account an allowance for industrial 
wastes as experienced by those com- 
munities included in the sample. The 
results, therefore, may be more valid 
in making preliminary estimates of 
plant costs than if they had been held 
strictly to a domestic basis. It is hoped 
that as the scope of the data increases 
it may be possible to examine con- 
struction costs from the standpoint of 
industrial waste contribution and pre- 
sent it on a population equivalent basis. 

When the dollar values per person 
examined from a distribution 
standpoint, it was found that they 


were 
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skewed to 


were the right that 
a logarithmic transformation would 
bring them more nearly into a normal 
distribution. The populations involved 
were also distributed logarithmically. 
Further tests indicated that a logarith- 
mie prediction line of a degree beyond 
the first was not warranted. 


Procedure 


Punched card processing of the data 
was used throughout. This practice 
greatly facilitated data manipulation 
and eliminated the arduous reworking 
of squares and cross products with the 
myriad chances of human error. Once 
these arithmetic calculations are me- 
chanically made and punched, it is a 
simple matter to obtain the necessary 
number, sum, sums of squares, and 
cross products to fit the simultaneous 
equations which will give the straight 
line of best fit by the least squares 
method, and to work out the ecorrela- 
tion, standard error of estimate, and 
interim statistics. These equations are: 


Na + = Ly. 


+ = Yry......(2 
where 

N = number of observations, 

~x = sum of logs of the popula- 
tion, 

= sum of squares of log 
population, 

yy = sum of log of 10 times per 
capita cost, 


>y’ = sum of squares of log of 10 
times per capita cost, 

~ry = sum of cross products of 
logs, and 


a and b = constants. 


The per capita cost in 1913 dollars 
was multiplied by 10 before trans- 
formation for ease in machine manipu- 
lation of logarithms. 


x 


Example 


The following example is given as a 
means of showing what was done to 
derive the equations and the limits 
which are given in the charts and tables 
to follow: 


The 37 projects for activated sludge 
plants are used. The following data 
were taken from the machine tab sum- 
mary : 


N 37 

140.80913 
z* = §53.37758 
y 64.26076 


113.67265 
240.12906 


These values, substituted in the two 
normal equations, are: 


37a + 140.80913b 64.26076 
140.80913a + 553.37758b = 240.12906 
b — ().25328 
@ : 2.70068 


The resulting equation then becomes 
y = 2.70068 — 0.253282x 


from which r 0.73724, ratio for 
upper limit = 1.444, and ratio for 
lower limit = 0.6924. 

From this equation the following 
tabulation is derived: 


r 7; true value 
(true) logarithm) antilog y 1913 dollars) 
100 2.19412 156.360 $15.64 
1,000 1.94084 87.265 8.73 
10,000 1.68756 18.704 1.87 
100,000 1.43428 27.182 2.72 


From the basic totals such informa- 
tion as the standard error may be com- 
puted. The use of one standard error 
sets the limits which should include 
approximately two-thirds of the ex- 
pected cases. 
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TABLE III.—-Activated Sludge—vU. S. Total 
Estimated Per Capita Cost in 1913 Dollars 


Donuletinn Lower | Expected) Upper Valid 

vulatio 

MSize Limit Value Limit Population 
$) $) i; ($) Range 


100 | 10.835) 15.64 | 22.58 | 500—-100,000 
1,000 | 6.04] 8.73 | 12.61} | 
10,000 aud 1.87 7.03 
100,000 | 1.88 2.72 3.93 


Table III shows data for activated 
sludge. 

Even population figures were chosen 
for convenience of manipulation and 
plotting. For any other given popula- 
tion, the values can be approximated 
by interpolation from the chart or de- 
rived by appropriate substitution in 
the equations. However, extension of 
the estimates much beyond the limits 
of the data would be a dubious pro- 
cedure. 

Assume that a city of 10,000 in the 
Denver area is considering an activated 
sludge plant. The time is June 1959 
when the ENR Index for Denver is 
742. Applying this index to the data 
above, for 10,000 population, the three 
resulting figures are $250,054, $361,354, 
and $521,626. This should be inter- 
preted as follows: on the basis of the 
experience of 37 other plants, the 
chances are 2 out of 3 that the cost as 
of June 1959 would be between the 
two extreme figures with the best esti- 
mate being $361,354. 


Treatment Types 


kor the purposes of this article, pri- 
mary treatment plants are those which 
remove substantially all of the settle- 
able solids and give an over-all BOD 
reduction of approximately 30 to 40 
per cent. The plants that have been 
included in the secondary treatment 
classification provide for the removal of 
substantially all of the settleable solids 
and a BOD reduetion of the final ef- 
fluent in excess of 75 per cent. In all 
instances the digested solids are dis- 
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posed of by means other than discharge 
with the final plant effluent. 


Imhoff Tanks 


This treatment includes 
only those two-story units employing 
gravity settling of solids and digestion 
of solids in the lower compartment. 
Units such **Spirogesters’’ or 
‘*Clarigesters’’ have been excluded. 

There are 29 such plants in this 
study, scattered from New Hampshire 
to Washington. However, two-thirds 
of them are east of the Mississippi. 
These data are summarized in Table 
IV and shown graphically in Figure 2. 


category 


as 


Primary 


This group includes primary treat- 
ment plants employing settling tanks 
with separate units for digestion of 
solids. 

Of the 107 plants in this study, 74 
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TABLE IV.—Imhoff Tanks—U. S. Total 
Estimated Per Capita Cost 
in 1913 Dollars 


| Lower 
Population | 
Sise Amat 

| ($)* | 


Valid 
Population 
Range 


Upper 
Limit 
($)* 


Estimate 
($)* 


10.80! 18.10 | 30.34 400--10,000 
1,000 | 3.64) 6.10 | 

10,000 | 1.21) 2.03 
100,000 | 


* Estimating Equation: 


Log 10y = 3.20885 — 
dollars, 


r = 0.59739. 


100 
10.22 
3.40 | 


1.14) 


0.40; 0.68 


A7559x2, in 1913 


Ratio for upper limit = 1.676; 


Ratio for lower limit = 0.597. 

are east of the Mississippi, mostly in 
the north; 16 are on the West Coast; 
with only 17 scattered throughout the 
states in between. There is a com- 
paratively heavy concentration in Ohio, 


Total U.S. 


Dollors 


The doshed lines include % of expected volves 


100 1,000 


Design 


| 
100000 


Population 


FIGURE 2.—Per capita cost of construction in 1913 dollars for Imhoff 
tank treatment in the United States. 
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TABLE V. 


* Estimating Equation 


= 2.83781 
dollars, 


r = 0.71513. 


Log 10y 


and Figure 3 show t 


Activated Sludge 


This category inc 
tional activated slud 


Dollars 


United States. 


Population estimate 
Size ¢)* 
100 | 10.49) 15.58 
1,000 7.A2 
10,000 | 2.38 3.53 
100,000 | 1.13 1.68 


Primary Settling -U. S. Total 
Per Capita Cost in 1913 Dollars 


Upper Valid 
Limit Population 
$)* Range 
23.20 GOO- L00,000 
11.05 | 

5.26 
2.50 


- 0.322612, in 


Ratio for upper limit = 1.489; 
Ratio for lower limit = 0.673. 
Michigan, and Wisconsin. “Table V 


hese data. 


ludes the conven- 
oe process as well 
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as all other types of aerated biologic 
treatment such as contact, rated, step 
aeration, and wet oxidation. 

Of the 42 plants in the study, 3 are 
on the West Coast, 8 in the Midwest, 
and the remaining 31 are east of the 
Mississippi. 

The estimates of per capita cost of 
these plants are shown in the Example 


and are also shown in Figure 4. The 
valid population range is 600 to 
100,000. 


Trickling Filters 


In selecting the trickling filter plants 
to be included in the study, it was de- 
that the 


preliminary engineering 


termined information in the 


reports was 
too often insufficient to classify them 
to 


Consequently, this distinction has not 


as standard or high rate plants. 


been made. The plants in this group 


FIGURE 3.—Per capita cost of construction in 1913 dollars for treat- 
ment composed of primary settling and separate sludge digestion in the 
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FIGURE 4.—Per capita cost of construction in 1913 dollars for activated 
sludge treatment in the United States. 


have conventional primary settling with 
separate sludge digestion, trickling 
filters, and final settling tanks. Table 
VI and Figure 5 show these data. 

The 186 plants in the study are 
fairly well scattered over the country 
as a whole. All states are represented 
by at least one plant except Maine, 
New Hampshire, Vermont, the Dakotas, 
Idaho, Montana, Wyoming, and Ne- 
vada. 


Filters 
Digestion 


Trickling Without Separate 


Sludge 


The trickling filters in this group 
are the same as in the previous category 
except that in the primary stage they 
employ an Imhoff tank or some other 
contained digestion system. The filters 
are followed by final settling tanks. 

There are 42 the 
study, with 28 of them forming a band 
in 7 states from Pennsylvania to Kan- 


such plants in 


sas. Only three are farther west than 
There 
are six in the Carolinas and Virginia 
and one in Minnesota. The summary 
is shown in Table VII and Figure 6. 


Kansas and 5 south of Kansas. 


TABLE VI.—Trickling Filters—U. S. Total 
Per Capita Cost in 1913 Dollars 


Valid 
Population 
Range 


Lower 
| Limit | 
($)* | 


Population Estimate I 
Size | 


($) | $)* 
100 
1,000 
10,000 
100,000 


25.03 | 500-100,000 
13.13 | 


* Estimating Equation: 


2.79532 — 0.28005z, in 
dollars, 


Log 10y = 


r = 0.687. 
Ratio for upper limit 1.456; 


Ratio for lower limit 0.687. 
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Total U.S. 
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FIGURE 5.—Per capita cost of construction in 1913 dollars for trick- 


4 
4 


Population 


ling filters with separate sludge digestion and final settling in the United 


States. 


Stabilization Ponds 


Sewage stabilization ponds have been 
utilized as a method 
ment for many years. 


of sewage treat- 
However, dur- 


TABLE VII.—Trickling Filters Without 
Separate Sludge Digestion—U. S. 
Total Per Capita Cost 
in 1913 Dollars 


| 
| 


Population | Estimate) 1 
| $)* $)* Range 
100 | 20.29 27.24 | 36.57| 500-25,000 
1,000 | 6.38 8.57 | 11.50] | 
10,000 | 2.01 2.70 | 3.62 
100,000 | 0.63 


0.85 1.14 


* Estimating Equation: 
= 3.43926 - 
dollars 


r = 0.83114. 


Log 10y 0.502032, in 


1.342; 


= (0.745. 


Ratio for upper limit = 


Ratio for lower limit 


ing the past few years great emphasis 
has been placed on this type of treat- 
ment by many small communities, par- 
ticularly since the advent of the Con- 
struction Grants Program under the 
Federal Water Pollution Control Act 
(P. L. 660—84th Congress All sta- 
bilization ponds ineluded in this eate- 
gory will provide the sole means of 
treatment of They in- 
elude varying designs ranging from 


raw sewage. 
single-cell ponds to multiple cells in 
series and/or parallel. They now com- 
prise over 10 per cent of the secondary 
type sewage treatment plants in the 
U.S. Table VIII and Figure 7 con- 
tain the stabilization pond summary 
for the United States. 

While this method of treating sew- 
age may now have nationwide accept- 
ance, the installations in this study are 
not so distributed. Of the 152 ‘‘plants”’ 
in the study, 92 are in 5 states in the 
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TABLE VIII.—-Stabilization Ponds—v. S. 
Total Per Capita Cost in 1913 Dollars 


| Lower Upper Valid 


Limit | “(g) Limit | Population 
($)* | Range 


Population 


Estimate 
size | 


100 | 
1,000 | 
10,000 | 

100,000 


1.72 
95 | 
53 | 

29 


* Estimating Equation: 
Log 10y = 1.99725 — 0.256232, in 1913 
dollars, 
r = 0.43527. 
Ratio for upper limit 1.774; 
Ratio for lower limit 0.564. 
Missouri Valley—Wyoming, the Da- 
kotas, Nebraska, and Missouri. There 
is a ‘‘eonecentration’’ in Washington 
and Mississippi, five other plants are 
east of the Mississippi, and the 
rest are seattered from Minnesota to 
Oregon. 
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The confidence limits obtained in 
using the per capita basis are not as 
restrictive as desired. The reasons for 
this have been reported by Howells and 
Dubois (4) to be due to variations in 
excavation quantities required per unit 
of surface area, widely divergent ex- 
cavation costs within the same geo- 
graphical area, and variations in de- 
sign surface loadings between states 
and even within a single state. How- 
ever, in order to compare this type of 
treatment with the others included in 
this study, it was necessary to main- 
tain a common base for all determina- 
tions. 


Conclusion 


The foregoing data are presented 
as an aid to the development of pre- 
liminary contract cost estimates in the 
early planning stages of sewage treat- 
ment projects. The data shown relate 
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FIGURE 6.—Per capita cost of construction in 1913 dollars for trickling 
filters with contained digestion system in the United States. 
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FIGURE 7.—Per capita cost of construction in 1913 dollars for stabiliza- 
tion ponds in the United States. 


only to the contract cost and represent 
approximately 80 per cent of the total 
first 


cost. These estimates should fa- 


cilitate realistic engineering and finan- 


cial planning by providing reliable 
norms for use by consulting engineers, 
municipal officials, and water pollution 
control administrators. 
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LABORATORY MODEL ACTIVATED SLUDGE UNIT 


By F. J. LupzacKk 


Robert A. Taft Sanitary Engineering Center, Public Health Service, U. 8. Department of 
Health, Education, and Welfare, Cincinnati, Ohio 


Emphasis in biological degradation 
studies of organic wastes in the Cin- 
cinnati laboratory has been on the be- 
havior of the wastes in surface water. 
Expansion to include the behavior in 
conventional treatment processes re- 
quired the development of a simple and 
workable laboratory activated sludge 
unit capable of approximating plant 
Bench-seale and plant 
activated sludge operation showed dif- 
ferent characteristics. Inereased sludge 
density, decreased sludge volatile per- 
centage, and adverse effects on floecula- 
tion and clarification were common in 
the laboratory units. 

It is unlikely that results ean be 
precisely duplicated in both large and 
small units. The necessary proximity 
of inlets and outlets, volume-to-con- 
tainer area ratio, and circulation diffi- 
culties in small units adversely affect 
performance. The laboratory unit de- 
scribed is compact, simple in construe- 
tion and operation ; it shows more con- 
sistent operation and a better approach 
to plant performance than models pre- 
viously investigated. 


performance. 


Description of the Proposed Unit 


The component parts of the unit are 
outlined in Figure 1. The outer shell 
was adopted from that used at Dow 
Chemical Midland, Miehi- 
gan. The settler compartment is simi- 
lar to that used at Union Carbide and 
Carbon Chemicals Company, Charles- 
ton, West Virginia. Corning Glass 
Works, Special Apparatus Division, 
Corning, New York, fabricated the 
glass shell according to specifications 


Company, 
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designated by the code numbers in 
Figure 1. The shell consists of a 7-in. 
pyrex tube drawn to a cone. A 1-in. 
diameter hole in the sidewall provides 
for effluent discharge. 

The separator between the aeration 
and settling compartments was fabri- 
cated from a section of 4-in. diameter 
Plexiglas tube (14-in. wall) eut in half 
to make two semicircular sections. One 
end of a section was eut at a 45-degree 
angle and a flat plate of Plexiglas (14- 
in. wall) was shaped and bonded to 
the bevel with dichloroethane. This 
has now been changed to a 60-degree 
angle. When the separator is inserted 
in the glass shell the lower end with 
the flat deflector plate should be lo- 
cated just above the cone and provide 
an opening between the plate and glass 
sidewall of approximately 14 by 4 in. 
The Plexiglas-to-glass bond was made 
with waterproof rubber-to-metal ee- 
ment. The separator should be located 
to include the hole in the glass shell 
within the settler compartment. The 
opening between the aeration and set- 
tling compartments was adequate to 
permit mixed liquor entrance and solids 
return by gravity; the deflector de- 
creased mixed liquor velocity at the 
settler entranee and prevented air dis- 
turbance. The effluent can be dis- 
charged through a °¢-in. glass tee in- 
serted in the hole in the shell sidewall. 

Aeration was provided by a 12-mm, 
extra coarse fritted glass diffuser in- 
serted through a rubber stopper in the 
tip of the cone. A drain tube was in 
serted in the same stopper. Location 
of the air diffuser near the edge of the 
stopper on the side opposite the settler 
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helped to prevent air disturbance dur- 
ing clarification. 

An aspirator bottle with double tu- 
bulatures served as a convenient and 
reliable influent reservoir. The bottom 
hole was plugged with a rubber stopper 
through which a drain tube feeds to 
the activated sludge aerator. One end 
of this tube was bent downward inside 
the bottle to drain the reservoir as com- 
pletely as possible. The upper hole of 
the aspirator bottle was fitted with 
another stopper through which a glass 
air-inlet tube descending inside the 
bottle, was bent to approach the side- 
wall about three-fourths of the way 
down. A short rubber tube and ad- 
justable clamp were attached to the 
upper end of this inlet tube to control 
the air flow into the bottle. The air 
flow in turn controls the feed rate to 
the unit. When the reservoir is filled 
and the drain line opened, discharge 
is rapid at first but soon adjusts itself 


FIGURE 1.—Model activated sludge unit. 


TOP VIEW 


Separator made from a 10” section 
of 4" Plexiglass tube cut in half 
longitudinally. Bottom end cut at 
a 45° angle. Part of the lower end 
is closed by a 1/86" Plexiglass 
plate so that the two compartments 
are connected by a \ x 4” opening, 
Water proof “rubber to metal” 
cement used to join Plexiglass to 
glass. 


to the feed rate permitted by the ad- 
justable air flow entering the bottle. 
Interruptions in the feed rate due to 
solids in the influent are rare because 
the drain tube is fully open during 
use. 

A watch glass over the top of the 
unit helped to contain spray and was 
useful for foam control. Silicone anti- 
form on the lower surface of the watch 
glass resulted in prompt control when 
foam or spray contacted the antifoam 
agent. 

Nominal capacity of the unit below 
the water line was approximately 5.5 1, 
with 0.7 1 of this in settler capacity. 


Operational and Performance 
Characteristics 
Air Supply 


Air input to the aeration chamber 
required rather careful adjustments. 
Low air flow resulted in poor circula- 
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tion; high air flow caused settler dis- 
turbance, pinpoint floc, and other dif- 
ficulties. Experiments with mixed liq- 
uor aeration at varied air rates in this 
unit showed marked performanee dif- 
ferences. Adequate oxygenation and 
circulation were achieved with an air 
flow rate of 600 to 800 1 per 24 hours 
that resulted in a mixed liquor surface 
rise of less than 1% in. Higher air 
flows with a greater mixed liquor rise 
tended toward an initial decrease in 
the sludge density, followed later by 
a marked inerease. Effluent suspended 
solids inereased appreciably. The net 
effect of excessive aeration was a loss of 
the more active solids with the remain- 
ing solids showing less capacity for 
flocculation, oxidation, and _ elarifica- 
tion. Air flow adequate for circulation 
was more than adequate for oxygena- 
tion at high loads and solids. 


Sludge Return 


Sludge return in the unit was highly 
satisfactory. A mild sludge roll oe- 
curred as the mixed liquor entered 
through a blanket of descending solids 
from prior entry. The roll helped to 
agglomerate fine floe particles and 
promptly returned them to the aerator 
compartment. Solids normally did not 
rise more than one-third to one-half 
the distance into the settler compart- 
ment. A change in sludge character- 
istics was readily observed by checking 
the roll characteristics. Part of the 
success of this scheme lay in the posi- 
tion of the opening between aerator 
and settler. Preliminary tests where 
the opening was close to a horizontal 
bottom plane resulted in highly un- 
favorable performance and long hold- 
up. The sludge density difference ap- 
parently was insufficient to drive solids 
around a sharp bend without propor- 
tionally larger solids accumulation in 
the settler. 

Normally the units were brushed 
down onee daily to return solids de- 
posited above the water line and dis- 
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lodge attached growth. This cleanup 
required only a few minutes and was 
about the only maintenance necessary, 
except for recharging the influent and 
checking air flow. 


Foaming 


Foaming was a major source of dif- 
fieulty in this as in many plant in- 
stallations. Excessive foam resulted in 
the deposition of a significant fraction 
of the sludge solids above the water 
line. The partially dried solids were 
hard to disperse in the mixed liquor 
during the next cleanup. More fre- 
quent cleanup was necessary during 
foaming to retain a high proportion of 
unit solids in active form. Antifoam, 
as described previously, was effective 
but was used only as a last resort. 
Foaming could not be related to the 
usual parameters such as pIl, loading, 
solids content, sludge age, or type of 


feed. 


Loading 


Unit loading was caleulated as an 
average for each week. The weight of 
daily influent oxygen demand was ex- 
pressed as a ratio of the weight of vola- 
tile sludge solids in the unit. Okun 
(1) expressed this ratio as pounds of 
daily oxygen demand input per pound 
of volatile sludge solids. The ‘‘ Units 
of Expression’’ Manual (2) ineluded 
this ratio and an alternate based on 
pounds of influent oxygen demand per 
1,000 eu ft of aerator capacity. The 
alternate load factor does not inelude 
a measure of mixed liquor solids. 
Haseltine (3) expressed loading in 
terms of pounds of influent oxygen 
demand per 100 Ib sludge solids; this 
ratio does not compensate for a change 
in volatile percentage that may oecur 
following a heavy rain with a coneur- 
rent high silt load. Experience in this 
laboratory has demonstrated a redue- 
tion in volatile percentage in the sludge 
solids after a heavy rain from the 
usual 70 to 80 per cent to less than 60 
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The load factor in the ex- 
perimental units was determined as the 
milligrams of daily influent oxygen 
demand per 100 mg of sludge volatile 
the unit. 


per cent. 


solids in It was expressed 
without dimensions (i.e., 30/100) sinee 
the weight ratio numerically 
equivalent, as long as the same units 
were applied for both numerator and 
denominator. Units per 100 were used 
to avoid decimal fractions. 

Load ratios of 10/100 to 80/100 have 
been tested in the experimental unit. 
Both extremes resulted in the expected 
poor performance. A load range of 
30/100 to 50/100 appeared optimum 
for domestic 


Was 


sewage and for several 
specific organic compounds associated 
with industrial wastes. 

The effect of detention period at a 
load ratio of 40/100 was cheeked by 
appropriate dilution of the influent. 
Within an aerator detention period 
of 2 to 15 hr, no significant differences 
in performance were noted. At 24-hr 
detention minor difficulties with elari- 
fication observation of the 
sludge solids roll in the settler indi- 
eated less effective agglomeration but 
effluent failed to show a 
nificant increase. 


oceurred 


solids sig- 


Sampling 


Samples of the influent and effluent 
were the usual manner. 
Mixed liquor samples were obtained by 
draining the unit contents into another 
receiver for 


obtained in 


adequate mixing. An 
aliquot taken directly from the drain 
line was subject to unpredictable dilu- 
tion by settler clarified liquor. Mixed 
liquor solids were caleulated on a total 
tank capacity basis because of variable 
holdup of solids in the settler. Sludge 
analysis was based on the settled por 
tion after the 


density 


remaining determina 
index 4) 


included 


tion of sludge 
Usual 


liquor 


determinations mixed 


solids, sludge density index, 


volatile percentage, and percentage of 
nitrogen in the volatile solids. 
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Performance 

Performance with conventional load- 
ing compared favorably with that 
shown in records of plant units. Ef- 


fluent COD (silver sulfate modifica- 
tion) (4) generally ranged from 65 
to 125, BOD from 3 to 20, and sus- 


pended solids from 5 to 15 mg/l. In- 
fluent BOD’s of 500 mg/1 did not affeet 
effluent quality as long as the daily 
oxygen loading within 
the Significant changes 
in feed, underloading, or overloading 
resulted in effluent quality 
within 1 to 5 days. 

The sludge density index varied 
from 0.2 to 3.4 with anticipated poor 
performance at the extremes. Usual 
values ranged from 1.6 to 2.4. These 
values are about the same or somewhat 
higher than normal for large installa- 
tions but do not represent as much of 


demand 
usual 


was 
range. 


changes 


has been encountered 
with other model units. 

Nitrogen percentages in the volatile 
solids ranged from 8.0 to 10.5 with a 
wide variety of feed types and load 
ratios. With any one feed and load- 
ing, the nitrogen percentage tended to 
approach an equilibrium level with the 
discharged in the effluent. <A 
marked reduction usually preceded de- 


an increase as 


excess 


graded performance and provided an 
indication of sludge quality more sensi- 
tive than sludge density index. 

Mixed liquor solids varied aecording 
to feed type, load ratio, and acelima- 
tion. Solids were adjusted once weekly 
to a value corresponding to 1,000 to 
1,200 mg/l of volatile material. The 
adjusted mixed liquor solids content 
thus varied according to the perecent- 


age of volatiles. Variations within 
each week depended on the gain or loss 
of solids and the rate of change. Solids 


gain usually ranged from 15 to 35 per 
cent per week with conventional load- 
ing 
Summary 
Variables that commonly affect per- 
formance in large units show similar 
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changes in this one, but the changes 
appear to be more rapid and intense. 
Predictions based on this unit prob- 
ably would be conservative when ap- 
plied to a large installation; effects of 
stray currents, solids carry-out, and 
container area-to-volume ratios would 
not be as critical on plant scale. 

A reasonable approach to this unit 
can be made from an inverted bottle 
with the bottom cut away. With the 
specified internal components in place, 
difficulty with shoulder deposits may 
be more evident but can be minimized 
by suitable bottle shape. 

This unit fitted with a 
cover and operated in this laboratory 


as a closed system. 


has been 


A recirculating air 
pump, oxygen burette, gas absorption 
bottles, and water legs on influent and 
effluent lines effectively isolate the as- 
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Engineering educators from all parts of the United States will gather 
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sembly. Peak oxygen utilization, ear- 
bon dioxide production, toxic effects, 
and other data can be obtained under 
actual operating conditions. 
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at the University of Michigan in Ann Arbor on July 6-8, 1960, for a 
vital conference on civil engineering education curricula. 

Deans and the heads of departments of engineering in 138 colleges, 
universities, and institutions with curricula in civil engineering accredited 
by the Engineers Council for Professional Development have been in- 


vited to attend the conference on an expense-paid basis. 
other engineering educators are expected to attend. 


More than 100 
The conference 


is being financed by a grant from the National Science Foundation. 
The meeting is the result of suggestions that civil engineering eduea- 
tion should be re-examined in order to reverse decreasing enrollments 
and to attract better qualified students into the field. 
Expansion in civil engineering curricula, perhaps with more em- 
phasis on the study of humanities, and an increased period of study 
before degrees are granted, are among the subjects to be considered at 


the conference. 


The official delegates are those from the 138 colleges, universities, 
and institutions with accredited civil engineering curricula, one from 
each school, plus a delegate from the University of California, Los 


Angeles. 
the July conference. 


These 139 delegates will be constituted as voting members of 
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DESIGN, CONSTRUCTION, AND OPERATION OF 


SEWER OUTFALLS IN ESTUARINE AND 


These comments on the design, con- 
struction, and operation of sewer out- 
falls are based on projects in New 
England coastal communities. The 
population of the municipalities served 
ranges from 14,000 to 100,000 persons. 

Many communities have constructed 
their outfalls to discharge sewage into 
tidal This may be into a 
bay, harbor, or tidal river. A tidal 
estuary has been defined as a body of 
water in which the river water mixes 
with and measurably dilutes sea water 


estuaries. 


(1). A few communities have con- 
structed their outfalls off the shore 
line into coastal waters, that is, the 


open ocean. 

Disposal of very objectionable wastes 
is being made by dumping at sea from 
special barges or ships. This method 
usually does not involve any special 
hydraulic problems. This paper will 
be confined to a discussion of disposal 
of sewage into the ocean by outfall 
sewers. 

Some of the older outfalls discharge 
raw sewage subjected only to sereen- 
ing. At some of these locations, chlo- 
rination is required from May to Octo- 
ber. Where permit, di- 
gested sludge is being disposed of 
through separate ocean outfalls. 


conditions 


Design 


Investigation of Existing 
Installations 


A visit to similar installations is of 
even greater value than for most other 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 


Assns.; Dallas, Tex.; Oct. 12-15, 1959. 
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design problems. The ocean provides 
test of all man-made strue- 
tures, and this is particularly true of 
outfall sewers. Persons in charge of 
maintenance should be interviewed. 

A cheek of outfall installations will 
reveal some frequent eomplaints aris- 
ing from ocean outfalls. These are as 
follows: 


a severe 


1. Failure of the pipe or conduit 
due to deterioration of the material, 
opening up of joints, failure of foun- 
dation, or undermining during severe 
storms beeause of insufficient anchor- 


age. 


Major leaks occurring because of 


such failures cause the sewage to be 
discharged closer to the shore and 
at less favorable locations than the 


planned outlet. In some eases, these 
leaks have permitted sands to flow in 
and plug the outfall. 

2. Overflows at shore line because of 
solids settling in the pipe line or be- 
cause of accumulation of grease or 
seale on the walls of the pipe which 
have impaired the capacity to handle 
design flows. In many cases where the 
design has been adequate, maintenance 
of ocean outfalls is nonexistent. 

3. Floating objects attributable to 
sewage discharge. Fine screening and 
grinding, unless carefully designed and 
maintained, often will permit telltale 
objects to float about the harbor 
waters. Grease balls cause discomfort 
to bathers and annoy pleasure boat 
owners. 

4. Unsatisfactory dispersion with 
high bacterial counts resulting in the 
closing of a large area to beneficial 


uses. 
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5. Deposition of sewage solids on 
shellfish flats because of inadequate 
treatment or because of disposal of 
sewage sludge with effluent. 

6. Large sewage field of unsightly 


grease or oil slicks. 


Engineers involved in design of 
works for ocean disposal should review 
the literature. One reference cited 
here is a study by Pearson (2) which 
discusses outfall problems in Califor- 
nia. 


Objectives of Design of 
Ocean Disposal 


Thirty years or more ago, when 
many outfall sewers were constructed, 
the objective of the design was to 
destroy the physical character of the 
sewage without objectionable odors, 
floating solids at shore lines, scum ae- 
cumulations, or bottom deposits. Pres- 
ent-day standards require, in addition, 
a reduction of the bacterial concentra- 
tions in the sewage-receiving waters to 
safe and acceptable levels. 

The determination of these levels 
usually relates to the dissolved oxygen 
content and the MPN of coliform or- 
ganisms per 100 ml of the receiving 
waters. Satisfactory epidemiological 
experience and sanitary surveys are 
considered also in evaluating the ef- 
feets of sewage discharge into tidal 
waters. 

In 1950, the New York State Water 
Pollution Control Board set up classifi- 
eations and standards for tidal salt 
waters (3). Waters used for fishing, 
bathing, or shellfishing must have a 
minimum dissolved oxygen of 5 mg/I. 
For other waters, a minimum of 3 
mg/l is required. For shellfish grow- 
ing areas, the median MPN of the 
waters may not be in excess of 70 per 
100 ml. No bacterial standards were 
established for bathing waters. How- 
ever, the New York City Board of 
Health has set a maximum MPN of 
1,000 per 100 ml for approved beach 
waters (3). 
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The New England Interstate Water 
Pollution Control Commission sets a 
standard that sea waters used for the 
taking of market shellfish shall not 
have a median coliform content in ex- 
cess of 70 per 100 ml. 

The Massachusetts Department of 
Publie Health allows a beach to be used 
if the sanitary survey is satisfactory 
and if the median value of a number 
of samples of the water has an MPN 
of less than 2,300 per 100 ml. In some 
states if the sewage discharge is in the 
vicinity of bathing waters, the beach 
is closed, regardless of the MPN. A 
criterion sometimes used in the sani- 
tary survey in considering such pos- 
sible fresh pollution is that sewage-sea 
water mixture should not reach a bath- 
ing beach within 4 hr of discharge as 
determined by float studies. 

The beneficial uses of the receiving 
waters are usually boating, bathing, 
fishing, or shellfishing. These uses are 
often important factors in the regional 
economy. 

A usual objective is to maintain as 
low a coliform count on the shore line 
as is necessary to protect the beneficial 
uses of the receiving waters as well as 
to prevent the existence of public 
health hazards, nuisance, or aestheti- 
eally objectionable conditions. 

Shellfish, especially clams and oys- 
ters, feed on microscopic life in sea 
water, and have a tendency to concen- 
trate bacteria within their digestive 
tract. As recently as 1946 and 1947, 
at least five cases of typhoid fever, and 
six cases of dysentery were noted 
among people who had eaten raw shell- 
fish taken from the vicinity of the 
Watsonville, California, outfall (4). 
Cholera and gastroenteritis, likewise, 
have been shown to be transmitted 
through shellfish (5). 

The objective of design may be 
stated as the selection of the degree of 
treatment, location of outfall, and de- 
sign of outlet structure which will, at 
least cost, provide for the satisfactory 
disposal of sewage into sea water. 


+ 
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Selection of the Degree 
of Treatment 


In most cases, the minimum degree 
of treatment will be primary settling 
followed by provisions for chlorination 
of effluent. Particular attention should 
be paid to removal of grease and oils. 
The creation of sleek areas because of 
the discharge of such substances is one 
of the most objectionable results of 
tidewater disposal. Sleek areas is the 
term applied ‘‘to that smooth, silky 
appearance of the surface of a body 
of water resulting from the discharge 
of grease or other fatty matters’’ (6). 
Skimming of primary settling tanks 
always should be provided for. In 
addition, where sewage contains sub- 
stantial amounts of grease, it will be 
necessary to use aeration for 
flotation. 
charge of crank case oil and other simi- 
lar wastes into the sewers should be 
strictly enforced. It may be necessary 
also to prohibit the discharge of cer- 
tain dyestuffs or other industrial 
wastes which would cause unsightly 
conditions at the outfall. 

The question of amount of treatment 
and consequent additional cost of same 
can be weighed against the cost of ex- 
tending the outfall to deeper water, 
or to where more favorable current 
conditions prevail. The cost per foot 
of the submarine pipe line, including 
maintenance, can be evaluated on an 
annual basis and compared with the 
cost of additional treatment units, in- 
cluding operational costs. In many 
cases, it will be found that it is cheaper 
to build and maintain an activated 
sludge or trickling filter plant than to 
construct a long and costly outfall. 


rrease 
greast 


Prohibitions against dis- 


Consideration of Emergency 
Bypasses 


It is necessary to consider what will 
happen when a power failure, a major 
equipment breakdown, or an obstruc- 
tion in a pipe line makes it necessary 
to bypass the treatment plant. This 
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should be strictly an emergeney condi- 
tion, as alternate power and duplica- 
tion of treatment units should be pro- 
vided wherever practicable. Shore 
overflows should be avoided if it is 
possible to handle the flow into the 
outfall sewer. In arrangements for 
emergency overflows, provision should 
be made for emergency setup of port- 
able chlorination equipment. A high 
degree of disinfection often is required 
during period of bypassing of treat- 
ment works. 

Where the community has a com- 
bined sewerage system, emergency over- 
flow structures often are provided 
along the route of the intercepting 
sewer. Experience in New York City 
(3) has been that a light rainfall equal 
to 0.02 in./hr has resulted in a dis- 
charge of approximately 30-per cent 
raw sewage. Intercepting sewers were 
designed to earry twice the average 
dry weather rate of flow. Review of 
their 70-yr rainfall record reveals that 
there are approximately one to two 
rainstorms in excess of 0.02 in./hr each 
week during the summer. Their re- 
ceiving waters remain polluted for a 
period of one to three days after each 
rainfall. 


Discharge of Sludge 


Under favorable conditions, where 
deep water and good currents are 
within reasonable distance, digested 
sludge is being discharged through 
separate outfalls, as at the Nut Island 
Plant in Boston Harbor. At the latter 
plant, construction of 12-in. sludge 
lines for a distance of 414 miles was 
required to discharge sludge into deep 
water at President Roads where cur- 
rents reach a velocity of 2 knots during 
certain periods of each tide. In such 
cases, it should be determined that the 
sludge will not rise to the surface, but 
be distributed along the bottom with 
no harmful effects on the beneficial 
uses of the waters. 

The discharge of sludge mixed with 
treated effluent through the same out- 
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fall generally is not advisable. Sludge 
onee settled out does not remix effi- 
ciently with the sewage. Cakes or 


masses of sludge float about and some 
times form deposits along the shore 
lines 


Location of Outfall 


In many there are several 
alternate locations to be considered. 
Topographic maps, together with U. 5. 
Coast and Survey hydro- 
graphie charts and reports on current 
conditions, may determine 
which locations are worthy of more 
complete investigation. 

Some of the major considerations 


are: 


Cases, 


Geodetie 


serve to 


1. Shortest and cheapest route from 
possible treatment plant site to desir- 
able location of outlet structure. 

2. Whether there can be gravity dis- 
charge at all times. It may be neces- 
sary if the outfall sewer is tide-locked 
to pump at least during the high tide 
period. Storage tanks may be needed 
so as to discharge only on the outgoing 
tide. 

3. Comparative costs of various al- 
ternates, including the economically 
justified degree of treatment required 
for each. 

4. Comparison of effects on bene- 
ficial uses of receiving waters. 

5. Requirements of state department 
of public health, pollution control 
agencies, U. 8S. Corps of Engineers, and 
state division of waterways for each 
of the alternate locations. 

In computing the comparative cost 
of various alternates, particular atten- 
tion should be paid to the section of 
pipe line to be constructed between 


tides. Special arrangements necessary 


for this section to provide for opera- 
tion of land-based equipment or for 
excavation, so that barge equipment 
can operate, are sometimes very costly. 
Trestles or causeways often are con- 
structed to be used to cross this sec- 
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tion. It is advisable, where conditions 
permit, to select a location where float- 
ing equipment can operate as close to 
high tide line as possible. It is impor- 
tant also in controlling the spread of 
the sewage field to select a route which 
has a short section of shallow water. 
Reasons for this latter statement will 
be discussed under design of outlet 
structure. 

In comparing the costs of the vari- 
ous alternates, the soil conditions and 
methods of construction will be found 
to have the greatest effect on per foot 
costs of the outfall sewer. 

Soil conditions along the route of 
the proposed outfall should be studied 
carefully. Soundings taken of the 
route should be followed by a sufficient 
number of marine borings to determine 
soil conditions as well as presence of 
large boulders and ledge. 


Hydraulic Considerations 


A hydraulie grade line using rates 
of flow against tidal heights is a com- 
mon method of determining size of 
pipe and/or pumping conditions to be 
met. Higher allowance should be made 
for effect of grease and scale in deter- 
mining friction factor than that made 
for sewers on land. It may be neces- 
sary, in some cases, to allow an n in 
the Manning formula of 0.018 or 0.020 
for an outfall pipe, which, if con- 
structed on land, would have an n of 
0.013 or lower. Determination of this 
factor at an existing location of similar 
pipe and similar characteristics of 
sewage effluent offers the best guide. 
If such data are not available, then 
judgment still should be influenced by 
high friction factors observed  else- 
where. Use of uranine dye (CopHyo- 
O;Nae), to measure velocity together 
with measurements of time and of head 
differentials make it relatively easy to 
compute friction factors in existing 
outfall sewers. 

A pumping arrangement for dis- 
charging sewage effluent through an 


“f 
|| 
rH 
| 


JOURNAL WPCF 


1960 


FIGURE 1.—Results of studies used to design an outfall system requiring no storage 
tanks for sewage. 


outfall sewer is not much 
different from that of an ordinary lft 
station. The 
head because of 


ocean very 
variation in 
tidal 
cases may require variable speed drive 


pumping 
levels in some 
for sewage pump units. 

Storage tanks with sewage pumped 
to discharge on outgoing tides may be 
designed from plots of sewage flow and 
of tidal cycles. 

Storage tanks designed for holding 
sewage while the system is tide-locked 
and then 
gravity when tidal waters recede are 
more difficult to analyze 

The 


pressed as ¢ which may be comput “«l 


permitting discharge by 


rate of discharge may be ex- 
where A is a constant 
determined by the and frietion 
factor of the outfall pipe and A is the 
difference tide 
levels allowance for 
densities. 


as q K \ h, 
form 
between and 
the 


sewage 


with relative 


A method of computing the amounts 


of storage and rates of this type of 
Day- 
Was derived 


discharge has been described by 
mond This method 
by model study and mechanical solu- 


tion of resulting equations on a differ- 
ential analyzer. The curves shown in 
helpful to 
system involvy- 
ing accurate determination of storage 
quantities and levels. 

Similar 


Daymond’s work will be 


engineers designing a 


which 
tanks 


curves for a system 


does not require 

Figure 1. 
on gagines of flow in existing strue- 
tures at New Bedford, Mass. 
was provided by over-sizing the inter- 
Tide were in- 
cluded in the original installation, but 
were later. It may be 
that there is no reversal of flow in the 
outfall sewer. 


storage are 


shown in These are based 


Storage 


cepting sewer. gates 


removed seen 
The apparent reversal 
of flow in the intercepting sewer is 
due to surging or the so-called ‘* bath 
tub’’ effect. 


Design of Outlet Structure 


The location of the outlet structure 
usually is determined after extensive 
float and 


ocean 


determination of 
conditions. 


studies 


eurrent Considera- 


tion often is given to multiple dis- 
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charge openings, or diffuser — see- 
tions. The principal factors governing 
whether to use single or multiple open- 
ings are the prevalence of currents 
strong enough to disperse satisfactorily 
the sewage-sea water mixture, the 
minimum surface dilution desired, and 
the desire to limit the size of the 
sewage field. 
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Effect of Mixing with Seca Water 


If an outlet structure is compared 
with a smokestack discharging into the 
atmosphere, the plume of smoke and 
the plume of sewage are similar. At 
a certain dilution in the atmosphere, 
the smoke is no longer visible; the area 
of visible smoke, or the area of per- 
ceptible sewage, is called a ‘‘field.’’ 
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FIGURE 2.—New Bedford Harbor showing outline of sewage field from the 
60-in. outfall sewer (courtesy Woods Hole Oceanographic Institution). 
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FIGURE 3.—Surface sewage field of the 
New Bedford 60-in. outfall. 


In the same manner as the disposal 
of smoke in the atmosphere, the dis- 
posal of sewage in sea water involves: 


1. The mixing and dilution of the 
sewage with a mass of sea water at or 
near the outlet structure. 


L 


3 
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2. The ultimate disposal of the sew- 


water mixture. 


ave-sea 


The 
60-in 


field or plume of the 


sewage 
New 3edford outfall sewer may 
The out 


he seen in Figures 2 and 3 
is a single-opening 45 


full pipe diameter 
located flush with the bottom in about 
30 ft of water. The rates of discharge 
vary as shown in Figure 1. 

Among those reporting on studies of 


let structure 


degree orifice of 


the mixing or dilution of the sewage 
with the sea 
Palmer (8 


225 has 


water are Rawn and 
A dilution factor of about 
them to 
achieve a bacterial concentration not 
to exceed 10° per milliliter at the 
periphery of the sewage field. These 
studies describe methods by which the 


been suggested by 


anticipated size of such a sewage field 
may be computed. 

according to Rawn and 
MPN 
of coliform organisms of 6 million per 
100 ml. It may be considered that 
primary treatment will cause a 50-per 
cent reduction of this MPN, or to 


about 3 million per 100 ml. 


Raw sewage, 


Palmer (8), sometimes has an 


LQUTLET TO CENTER OF BUBBLE 


| 
X— DISTANCE TO DILUTION OF 225 


FIGURE 4.—Definition sketch of rising column (from Rawn and Palmer, Ref. 8). 
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It may be seen that with a dilution 
of 225, the MPN of the sewage would 
be about 13,000 per 100 ml. This is 
about 13 times the allowable permitted 
under standards for approved beach 
waters (New York City Board of 
Health, MPN not to exceed 1,000 per 
100 ml). Fortunately, the coliform 
population also is reduced not only by 
dilution, but by the bactericidal action 
of the sea water and the predation of 
marine organisms. It has been re- 
ported that 80 per cent of all organ- 
isms indigenous to fresh sewage die 
within one-half hour contact with sea 
water (2). This should reduce the 
MPN of 13,000 per 100 ml to about 
2,600 per 100 ml at the end of 1% hr 
contact and to a smaller figure at the 
end of 4 hr. If the effluent from the 
primary treatment plant is properly 
chlorinated, the MPN at the edge of 
the field should be reduced to less than 
1,000 per 100 ml. 

The mixing and dilution of the sew- 


age with a mass of sea water at or 
near the outlet structure has been 
studied by many investigators. The 


best known are the previously-men- 
tioned studies by Rawn and Palmer 
(8). Their findings are based on ex- 
periments with a model jet in a 
quiescent body of salt water. <A defin- 
itive sketch from this work is shown 
in Figure 4. 


Computations 


Charts and 
Palmer’s 


formulas in Rawn and 
paper give means of com- 
puting the area and shape of the sew- 
age field. 

The horizontal distance the ‘‘bub- 
ble’’ reached the surface away from 
the origin of the jet was found to be: 


x (1) 


where 


X horizontal distance from dis- 
charge end of outfall to point on 
surface representing center of 


bubble, 
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velocity of sewage at discharge 

and of outfall, 

D = diameter of outfall in inches, 
and 

Y = depth of water. 


The approximate length of the tra- 
jectory L of the rising column from a 


horizontal outlet was based on the 
following: 
1. Case I: When ifs 
0.16852 
L = + (0.8a)'? — (2) 


vy 

where 

a = constant in the equation of the 
path from a horizontal outlet. 


2. Case II: When 


where 
— 
a = VWV2D 


For a vertical outlet the depth may 
be taken as equal to L. 

The dilution factor, Soa, has been 
reported to be approximated by the 
expression : 

g L 
Soa = 3D . (4) 

It should be noted that the dilution 
factor is a function only of the jet 
diameter and the axial length. 

The mean radius of the sewage field, 
limits of which are defined as having a 
dilution factor of 225, may be deter- 
mined from the graph prepared by 
Rawn and Palmer (8). 

The reduction in the total size of the 
field by the use of multiple jets may be 
shown by the following example: 


1. Case 1: Vertical discharge, single 
outlet 30 in. in diameter ; 


Q = 10 cfs, L y 
Mean radius = 760 ft, 
Area of field = 42 acres, and 

Time for sewage to reach edge of 
field = about one hour. 


40 tt, 


‘ 
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IS-in. nozzle 


Mean radius 
Area of each field 
Total area of fields 


‘Time about loon 
Palmer also have 


Rawn | 


mated the maximum distance the sew- 


age field will extend again 


or with the 


current by the following relationships 


Where tance sewage 


the 


‘an current 


It has been confirmed by several in 
vestigators that the dilution of jet flow 
is a function of only the jet diameter 
and the axial lens for flows in the 
turbulent 
with outfalls, is, 
Reynolds Number 
(9). These 


onstrated é fices 


experienced 
sewanr with 

than 1,500 
investigators dem 
better di 


slots and that spacing of 


sath 
rive 


lution than 


orifices to give a minimum of inter 


ference ffusion patterns also will 


increase the dilution 


Surlace 


the surface, the 


ave-sea 


ater mixture spreads laterally 


over the sea ater and its tendeney 


to remain stratified is ‘eedingly pet 


field was fo by 12. This value 


was y found arlous eX 


consistent 


periments and t distances 


from the rising 
the edge | 


except that at 


re the dilution 
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225, the thickness in 
This should be 
taken into account in establishing the 
length of the outfall 
positioning the outlet structure. 
should be taken to provide. sufficient 
depth of the fiel«| 
limit to permit appreciable field thick 
ening, 
Rough 


equals 200 to 
creased materially. 
and in 
Care 


sewer 


water at inshore 


disturbed water, as may be 
expected, was found to provide much 
greater dilution than discharge into 
ealm water. 

The ultimate disposal of the sewave- 
sea water mixture is of greater im 
portance than the mixing and dilution 
at the outlet 
cient volumes of unpolluted water ar 
introduced into the area, the steady 
state conditions which 
in the 


exist. 


structure. Unless suffi- 


assumed 
will not 


were 


foregoing diseussion 


Necd Tests 


rom time to time, weports dealing 
with tidal 
that a particular tidal 
that its oxygen 
content can readily take care of the 
sewage to be into it with 
out the objectionable 


discharge of sewage into 
estuaries state 
prism is sO enormous 
discharged 
production of 
the 


studies by 


eonditions in receiving waters. 


Oceanographic Ketchum 
(1) and others have shown the fallaey 
of this thinking. Biological sampling 
of estuarine waters has shown in some 
that pollutants have re 


mained for more than 40 days (6 


instances 


Oceanographers making salinity de 


terminations have demonstrated that: 


1. The 


completely and 


mix 
with the wa 
ter present in an estuary at ticle. 

2. Not all the 


ing 


entering water does not 
uniformly 
low 
volume of water 
seaward and substantial 


eSCAPes 
volumes of same are returned to an 


area on the next flood tide 


In estuaries the 
been 


water exchanve 


shown to be a net outward 


of surface waters contributed by rivers 


at the head of the bay and a net in 


G18 
it 2. Case Il: Vertical discharge, 4 
3 n 1), 2.0 10 ft, 
ft 
IS acres, and 
esti- 
will extend, 3 
\ mean radius of 
3 
and 
l time in seconds: 
then : 
= Xo — Ut (against the cur- 
rent and 
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ward movement of the denser, more 


saline waters at mid-depth or near 
the bottom. The conclusion generally 
reached is that introduced pollution 


is removed in the surface waters. 

Float tests have been widely used 
to determine the movements of these 
surface waters. Colored wood chips 
and more elaborate submerged crosses 
with small surface markers have been 
used. The wind drives the floats more 
rapidly than it drives the water so 
This 
sub- 
Measure- 
temperature, and 
density, together with measurements 
of currents, afford the best available 
method of studying the actual condi- 
tions prevailing at a given location. 

The use of the aforementioned meas- 
urements and application of the em- 
pirical Ketchum theory (1) permit the 
computation of the quantity of river 
water present in any part of the estu- 
ary and the length of time various 
proportions of the river water have 
been present within that part of the 
estuary. The application of the theory 
requires the subdivision of the estuary 
into volume defined hori- 
zontally by the width of the estuary 
and by the mean excursions of a par- 
ticle of water on the flood tide. The 
quantity of water removed from such 
a segment on each tidal cycle is given 
by an exchange ratio derived from 
the volumes of water present at high 
and at low tides. 

Instruments 
and 


that results often are misleading. 
is true with the 
merged floats or crosses. 
ments of 


even use of 


salinity, 


segments 


STD indi- 
current meters 
have been developed to take accurate 
measurements of salinity, temperature, 
and density, as well as velocity and 
direction of currents at various depths. 
The high these 
and the variable oceanographic 


factors involved in the study of ocean 


known as 


eators sensitive 


costs of instruments 


nas 


estuaries are a few of the reasons why 
many engineers find it advisable to con 
sult with established organizations 
having experience with oceanographic 
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work to obtain and evaluate these data. 

Engineers should become better ac- 
quainted with what oceanographers, 
marine biologists, and other scientists 
can offer in solving such problems as 
the location of ocean outfalls. 


Construction 

The predominant choices for ma- 
terials for outfall sewer pipes have 
been cast iron for sizes up to 36 in., 
with reinforced concrete being favored 
for sizes 36 in. and larger. 

Several lengths of pipe are usually 
joined together before lowering. The 
length of the assembled section may be 
as much as 100 ft, depending on weight 
of the pipe and the hoisting capacity 
of available marine equipment. The 
joints on east iron pipe which are 
made up above water have been usu- 
ally of ordinary bell and spigot pipe 
with caulked lead joints. The under- 
water joint is made up by the diver, 
using lead wool and a pneumatie caulk- 
ing hammer. Mechanical joints also 
have been widely used. Where lay- 
ing conditions require, special joints 
have been used. 

Special joints have been developed 
for use with reinforced conerete pipe. 
These are deseribed by Pearson (2). 

The ocean bottom, particularly in 
the surf zone, often is subject to con- 
siderable movement. Trenching usu- 
ally provides the most satisfactory 
method of construction. Where costs 
of rock exeavation for trenching would 
be excessive, the outfall sewer may be 
constructed on sills bolted to the ledge 
rock. Where the bottom is unstable, 
the use of piling is required. 

Mention has been made of the high 
cost of construction of outfall sewers. 
An example of these costs may be seen 
in Table I showing a summary of con- 
tract prices bid for a 30-in. outfall 
sewer in the harbor of Bristol, R. L., 
in 1951: 

The average price per foot from the 
foregoing tabulation, based on 720 ft 
in the surf zone and 780 ft subaqueous, 


‘oh 
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TABLE I.—-Contract Prices Bid for Outfall 
Sewer in Bristol, R. I. 
Contract 
[ten Bid 
30-in. reinforced concrete pipe outfall 
sewer laid in surf zone by construct- 
ing a temporary causeway and 
removing same after construction: 
720 ft @ $32.00 $25,040 


30-in. cast iron pipe outfall sewer 

laid from lighter in approximately 

96-ft sections: 

780 ft @ $38.00 29 640 
Dredging for outfall sewer disposed as 

backfill: 

2,200 cu yd (a, $4.00 8,800 
Dredging for outfall sewer disposed 

of away from work: 

700 cu yd @ $4.00 2,800 
Boulders removed for outfall sewer: 

30 cu yd @ $25.00 750 
Rock excavation fo outfall sewer: 

60 cu vd @ $50.00 3.000 
Backfill furnished for outfall sewer: 

200 cu yd @ $12.00 2,400 
Subaqueous outlet structure for out- 
fall sewer: 
lump sum 4,000 


Total $74,430 


amounts to about $50 per foot. How- 
ever, the second bidder’s average price 
was about $88 per foot and the engi- 
neer’s estimate for the price per foot 
amounted to about $77. The risk of 
storm damage, shortage of lighters 
suitable for this type of work, choice 
of method for surf zone, and other fae- 
tors often combine to make a wide 
range in prices bid for this type of 
work. 


Maintenance 
Provisions for Cleaning 


Provisions for maintenance opera- 
tions should be ineluded in the design 
of outfall sewers. If the nature of the 
sewage efiluent and the flow conditions 
are such that dragging operations will 
be necessary to remove silt accumula 
tions, then provisions for access opel 
ings should be made, Cleaning con 
tractors advise that eable-drawn elean- 
ing equipment cannot be operated at 
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distances over 1,500 ft on large diam- 
eter (over 24-in.) pipe and for shorter 
distances on smaller pipe. In such 
cases, access openings consisting of a 
tee with bolted cover or other suitable 
means should be provided. These ac 
ceSS openings eould be opened by 
divers, at a small fraction of the cost 
of cutting an opening when such open- 
ings are not provided in the original 
construction. 

Water main cleaning methods have 
been used with some suecess but are 
not always feasible. At the South Es 
sex Sewage Outfall in Salem, Mass., 
a set of 45-in. disks was driven through 
the 48-in. outfall pipe using water 
pressure at about 25 psi (10). Large 
quantities of calcium carbonate scale 
were removed. This scale formation 
resulted from the large quantities of 
tannery and other industrial wastes in 
the sewage. It is expected that this 
cleaning operation will need to be re- 
peated at 5-yr intervals. 

In many cases, periodic cleaning of 
the outfall will be required. Slime 
will sometimes continue to grow in 
thickness and the flow characteristics 
of the pipe line are impaired. Some- 
times the first knowledge of this hap- 
pening is the overflow of sewage at the 
shore end of the outfall sewer. 

Routine tests of the flow character 
istics of the intercepting sewer and 
outfall sewer should be made at stated 
intervals of years. The lengths of 
time between such tests would be de- 
pendent on the estimated capacity of 
the sewage for forming slimes or scales. 
Cleaning operations should be started 
promptly when flow conditions have 
deteriorated below a_ predetermined 
level. 


Flow Measurements 


Measurements for flow characteris 
tics in the intercepting and outfall 
sewers have been made as follows: 


Sludge deposits at manhole openings 
in the intercepting sewer are made 
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by means of a small flat board at- 
tached to the bottom of a rod. The 
rod is lowered carefully to determine 
the elevation of the sludge deposit. 

The velocity of flow in the inter- 
cepting sewer is obtained with the use 
of uramine dye. <A bottle of this dye 
solution is dumped into the manhole 
on the upstream end of the seetion of 
sewer under test. A two-inch engine- 
driven pump is set up at the lower 
manhole, with the section lowered to 
slightly above the centerline of the 
sewer. The passage of the dye is read- 
ily observed at the pump discharge at 
the lower manhole. Time is kept with 
a stopwatch. Culture tubes are filled 
at, say, five-second intervals and placed 
in a rack. The variation in color in- 
tensities of the racked tubes provides 
an easy determination of the center 
of the dye solution. 

At the outlet structure the oceur- 
rence of the dye solution creates a 
very marked coloration of the tidal 
waters. 


Grease Accumulations 


Grease accumulations in manholes, 
tide gate chambers, or other openings 
in the top of an outfall sewer often 
cause an obstruction to the flow. At 
New Bedford, unexplainable variation 
occurred in the flow characteristies of 
the outfall sewer, until investigations 
with a diver disclosed a heavy blanket 
of grease in the tide gate chamber. 
The grease accumulation of many years 
had hardened into a mass about six 
feet in thickness. On the reeeding 
tide, this mass of grease would eut off 
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a portion of the flow, in the same 
manner as a gate valve operating on a 
pipe line. An annual check should 
be made of all such openings. Open- 
ings provided in the underwater sec- 
tions of the outfall sewer should be 
designed to provide a smooth align- 
ment of the crown of the sewer. 
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Cleaning 
Sewer.’’ 


Industrial Wastes 


PHENOL-CYANIDE REMOVAL IN 


PLASTIC-PACKED TRICKLING 


A. 
Research Division, The 


filters 
media provide a satisfactory means for 


Trickling employing stone 
waste treatment, but there are prob- 
lems attendant to their operation. In 
summer, ponding and the filter fly 
plague the operators. In winter, freez- 
ing and lowered biological activity be- 
come problems of the first magnitude. 

Much research money and effort have 
been spent on the trickling filter and 
its operation. Packing materials tested 
have ranged from stone to coke, 
wood, shapes, 
Studies have been 


slag, 
ceramic plasties. 
made of nozzle ar- 
rangements, distribution systems, waste 
application rates, and other aspects of 
While these stud 
ies have certainly resulted in improv 
ing the performance and reliability of 
the trickling filter, the appear 
ance and operation remain unchanged. 


the over-all design. 


basic 


The Dow Chemieal Company prob- 
ably the 
nificant improvements in trickling fil- 
ter design in (1 2 
the sheet plastic 
packing material, Dowpac, in place of 


has made one of more sig- 


recent years 
use of corrugated 
the stone commonly used. This packing 
material offers many advantages over 
rock and allows much higher loadings 
at high efficiencies Several 
Dowpae filter installations have been 
made and apparently are giving satis 


removal 


factory performance 
The author’s firm developed its own 
plastic packing which has been trade- 
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Fluor Corporation, Lid., Los 


Angeles, Calif 


marked Poly-Grid (3 This packing, 
which is formed by injection molding 
was originally developed for cooling 
tower service and has found wide ap- 
plication in that field. 


fabricated 


It is generally 
from high-impact polysty- 
rene or linear polyethylene, depending 
on required properties. Iligh-impaet 
polystyrene units were used in all test 
work this paper. Since 


the basie requirements for a trickling 


described in 


filter packing are essentially the same 
as for a cooling tower packing, 1.e., to 
provide maximum air-water contact at 
minimum appeared that the 
new packing should be evaluated for 
this application. 


eost. it 


Features such as ex- 
tended surface, splash grids for air and 
water redistribution, high strength-to- 
weight ratio, large openings, and im- 
munity to attack fit per- 
fectly into the requirements for trick- 
ling filter packing media. 


biologieal 


To obtain 
specific data on the use of Poly-Grid 
packing in the trickling filter process, 
a laboratory apparatus and a_ pilot 
plant built. <A 
number of industrial wastewaters were 


were designed and 


studied to provide cood, general-pur- 


pose design data. One of the wastes 
studied extensively coke-oven 
Wastewater encountered in the steel 


industry. This portion of the experi 


mental program is used as an example 
for the 


presentation of detailed op 


erating data. 


3 
. 
; 
; 
Bs, 


3; 


The disposal of the water used for 
quenching coke and serubbing ecoke- 
oven gases is a problem of large magni- 
tude. The process requires large vol- 
umes of water and, in the operation, 
the water picks up a substantial quan- 
tity of pollutants. These soluble pol- 
lutants, primarily phenols and eyanide, 
preclude the possibility of the disposal 
of this water without excessive dilu- 
tion or, alternately, suitable treatment. 

Phenol and cyanide are both toxic. 
Phenol in concentrations of 1 or 2 mg/1 
will impart a taste to fish, while a 
concentration of 2 or 3 mg/I of eyanide 
is deadly to aquatie life. Thus, it is 
apparent that these pollutants must 
be removed completely or reduced to a 
negligible level in the wastewater be 
fore it can be discharged to a water- 
course. 

Susceptibility of both phenol and 
evanide to disposal by bio-oxidation 
has been established by previous in- 
vestigations (1) (2) (3) (4) (5) (6) 
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FIGURE 1.—Laboratory apparatus. 


(7) (8) (9) (10). Samples of coke- 
oven wastewater and some operating 
data were provided by a large steel- 
maker. From these sample analyses 
and the data, the operating conditions 
for the laboratory apparatus and pilot 
plant were established. 


Description and Operation of 
Experimental Apparatus 


Laboratory Apparatus 


A photograph of the laboratory ap- 
paratus is shown in Figure 1. The 
apparatus consists of three 3-in. ID by 
4-ft glass columns identically packed 
and provided with individual basins 
and recycle pumps. The basins were 
partially submerged in a constant tem- 
perature bath. A constant supply of 
oxygen was insured by introducing a 
measured stream of compressed air 
into the bottom of each of the columns. 
The columns were seeded with a water 
extract from manure obtained from a 


; Vol. 32, No. 6 eC 623 


624 


local dairy. Acclimation of the biologi- 
cal culture to the phenol-cyanide waste 
was accomplished by periodically in- 
materials 
Proper addi- 

phosphorus 


creasing the amount of these 
added to the filter basin. 

tions of and 
nutrients made to 
earbon-nitrogen-phosphorus balance in 
the ratio of 20:2: 1. 
drawn periodically and analyzed for 
phenol and cyanide content to 
tain the activity of the filter. 


nitrogen 
were maintain a 


Samples were 


ascer- 
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Pilot Plant 


A view of the pilot plant is shown 
in Figure 2. The plant consists of two 
o* by 2 by 15-ft towers constructed of 
Douglas fir frame members with water- 
proot fir plywood sides. Each tower 

steel 
Suitable 


piping and valves are connected to the 


is mounted above 


basin, 33 by 96 by 30 in. 


two units to operate them in series or 
independently. 


Each unit is supplied 


FIGURE 2.—Pilot plant. 


q 
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with a centrifugal pump for cireula- 
tion and a recording flow meter. Feed 
material is supplied to each tower from 
a storage tank by a chemical feed 
pump connected to the line supplying 
the recirculating pump. Effluent dis- 
charge is controlled by an outlet weir 
and the water is discharged to the 
sewer. ‘Temperature control is accom- 
plished by a temperature-sensing ele- 
ment in the basin which directly con- 
trols a valve in the steam line con- 
nected to the submerged coils in the 
basin directly beneath the tower. Ther- 
mostatic-type traps control the return 
of the condensate to the boiler. <A 
small fan located at the top of the 
tower induces the flow of air up 
through the packing to provide the 
The 
operation of the pilot plant is essen- 
tially automatic once the controls have 
been properly adjusted and equilib- 
rium attained. In operation, water is 
picked up from the basin by the re- 
circulating pump at a point directly 
beneath the tower and the feed solution 
is injected into this stream just before 
it enters the pump. This scheme takes 
advantage of the mixing action pro- 
vided by the pump before the solution 
is distributed over the top of the pack- 
ing. Following distribution, the solu- 
tion flows down through the packing 
and into the basin. The aeration in the 
packing provides the oxygen necessary 
for oxidation of the waste material in 


oxygen necessary for operation. 


the water by the biological organisms 
present on the packing and suspended 
in the circulating water. 


Analytical Methods 


Phenol was determined by an ultra- 
violet absorption method. Calibration 
curves for the phenolate absorption at 
2,880 angstrom units were made using 
low concentrations of phenol. Highly 
concentrated deter- 
mined after dilution distilled 
water to bring the 
within the calibration range. 
was determined 


solutions were 


with 


concentration 
Cyanide 
by the colorimetric 
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TABLE I.—-Analysis of Coke-Oven Wastewater 
Constituent mg | 
Phenol 107 
Cyanide 87 
Total nitrogen 210 
Sulfide sulfur 33 
Chlorides 388 
22 
BOD 380 


picrie acid method as described in the 
manual on ‘‘Disposal of Refinery 
Wastes’’ published by the American 
Petroleum Institute, Method No. 765- 
54. Contaminated and colored samples 
were steam-distilled prior to analysis. 
This step eliminated color interfer- 
ences, 


Discussion and Results 


An analysis of the coke-oven waste 
obtained from the steel company is 
shown in Table I. On the basis of this 
analysis, a phenol-cyanide ratio of 4:3 
was selected for the synthetic feed mix- 
ture used in the pilot-plant operation. 


Laboratory Filter Operation 


After the laboratory filters were ac- 
climated to phenol-cyanide waste solu- 
tion, one of the filters was charged 
with 10 1 of ecoke-oven wastewater. 
Samples were withdrawn periodically 
and analyzed for phenol and cyanide 
content. At the end of 42 hr, the run 
was considered complete. The experi- 
ment was then duplicated using 10 | 
of a mixture of phenol and eyanide 
in distilled water. The results of these 
runs are presented in Figures 3 and 4. 

These figures show the oxidation rate 
for phenol and cyanide compounds in 
the coke-oven waste to be essentially 
the same as for a synthetic mixture 
consisting of pure materials in dis- 
tilled water. Hydrogen sulfide present 
at the 3-mg/1 level in the wastewater 
apparently has no adverse effect on the 
oxidation rate of phenol and cyanide. 


Initial Pilot-Plant Filter Operation 


Coneurrent with the laboratory 
work, the pilot-plant filter was oper- 
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FIGURE 3.—Comparison of biclogical 
oxidation of a pure phenol solution with the 
phenolic compounds present in coke-oven 
wastewater. 


ated on a svithetic phenol cyanide 
The Number 2 filter 
with 10 ft of plastic 
packing, was used for this operation, 


waste solution 


tower, packed 
A hydraulic loading of 4,320 g@pd sq 
ft was selected for the initial operation 
with 
in the program 


other later 


The filter seeded 


loadines TO be used 
manure in the 
same manner as the laboratory filters. 
Nutrients in the 


With a water extract of 
form of a Vigoro 
water extract and diammonium phos 
phate were added as required to main 
tain conditions favorable to biological 
growth. Phenol-cyanide solutions were 
pumped to the filter at a constant rate 
‘| he feed 
with the 
based on the main 


by a chemical feed pump 


rate Was increased daily 


amount of increase 
tenance of removals 


rhe 


amounted to ap 


phenol-cyanide 
of approximately 90 
feed 


proximately 58 


per cent. 


rate increase 
x of phenol and 36 ¢ 
of cevanide per day. Phenol as re- 
ferred to here is pure phenol; eyvanide 
is the eyanide ion, CN These values 
are equivalent to 1.4 lb of phenol and 
0.9 Ib of evanide per 1,000 ecu ft of 
Feed 


Were not maintained at a steady 


packing per day. rate increases 
rate 
because of mechanical failures of pilot 
plant equipment. Failures of the re- 
cvele pump, boiler, valves, ete., resulted 
in loss of active bacteria necessitating 
additional time for 


recovery of bio- 


logical activity and return to the oper- 
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ating capacities attained prior to the 
difficulties. 

Operational! results 
presented in Figures 5 and 6. 


data are 
Figure 
5 is a daily capacity log of pilot-plant 
operation covering a 


proximately 


period of ap 
month. This plot 
shows the culture capacity reached a 


one 


maximum in approximately one month 
Time for buildup to 
capacity probably would 
than three had 
there been no operational difficulties. 
the activity 
from these operational upsets was very 
rapid, indicating that the culture is 
quite stable once established. Maxi 
mum pollutant removals obtained dur- 
ing this period were 25 |b, day/1,000 
eu ft for phenol and 17 Ib/day/1,000 
eu ft for cyanide. 


of operation. 
maximum 
have less weeks 


been 


Recovery of biological 


Figure 6 is a plot showing the re- 
moval percentages for phenol and ey- 
anide for the time period covered in 
Figure 5. Stable operation of the sys- 
tem generally shows phenol removal to 
be 98 per cent or greater, and the ey- 
anide removal to be better than 85 per 
cent. The temperature and pH of the 
solution in the basin during operation 
are also shown in Figure 6. 


Operation with Dilute Feed 


The results discussed so far were all 


obtained from runs made using a eon- 
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FIGURE 4.—Comparison of biological 
oxidation of a pure cyanide solution with 
the cyanide present in coke-oven waste- 
water. 
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FIGURE 5.—Pilot-plant operation—daily capacity log for phenol-cyanide feed. 


centrated feed solution. To simulate 
field conditions, the feed piping was 
modified to allow the feed to be diluted 
with tap water before entering the bio- 
oxidation In this manner, 
entering concentrations of phenol and 
cyanide were maintained at approxi- 
mately 100 mg/l phenol and 75 mg/1 
cyanide. An increase in the quantity 
of phenol-cyanide feed, therefore, re- 
quired a corresponding quantity of 
dilution water with a resultant small 
change in reeyele ratio. This change 
was felt to be negligible in view of 
the high recycle ratio employed when 
operating at a hydraulic loading of 
4,320 gpd/sq ft. 

Data obtained from the dilute-feed 
runs and the earlier runs using ¢con- 
centrated feed solutions are presented 
in Table Il. These data are generally 


system. 


averages of the data for a number of 
days when steady state operation of 
plant 


the pilot had been achieved. 


19 


DECEMBER 


Figures 7 and 8 are plots of data 
taken from this table and they provide 
a satisfactory means for correlation. 
An interesting point shown by the 
plots is the relationship between the 
results from the concentrated-feed 
runs and the results from the dilute- 
feed runs. This information indicates 
tower capacity to be independent of 
feed concentrations, although in opera- 
tion, high loadings at high coneentra- 
tion could not be achieved. A possible 
explanation for this is that the injec- 
tion of high-coneentration feed into 
the recycle system exceeded, locally, 
the tolerance of the biological media 
for phenol-eyanide and inhibited its 
action. Dilution of the feed allowed 
much higher loadings. 


Effect of Sulfide 


An evaluation of the effect of sul- 
fide ion on filter operation was made 
over a period of approximately two 
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FIGURE 6.—Pilot-plant operation—daily capacity log for phenol and cyanide 
removal, pH, and temperature. 


weeks. The pilot plant was modified recycle stream. Operating conditions 
to allow a solution of sodium sulfide were maintained essentially constant 
to be pumped into the feed line at a except for the quantity of sulfide 
point just before its entry into the added to the feed stream. Sulfide 


TABLE II.—Trickling Filter Operation with Synthetic Phenol-Cyanide Feed 


Average Application Rate Average Removal Rate Average Removal 
Hydraulic lb /day/ 1,000 cu ft) lb ‘day,1,000 ecu ft) %) 
Loading Feed 
gpd/sq ft Strengtl 


Phenol Cyanide | Phenol Cyanide | Phenol Cyanide 


5,760 18.1 93.5 94.5 


5,760 19.6 15.7 19.5 14.8 99.5 94.5 
$320 20.8 16.7 18.9 15.7 | 99.4 | 94.5 
i 23.7 19.0 23.6 17.8 99.7 93.6 

Dilute 21.4 15.2 | 21.4 13.6 99.9 88.1 

23.8 18.6 22.6 le Be 94.7 90.3 

29.5 22.3 26.6 17.4 | 90.3 78.6 

| 30.0 23.2 | 28.2 18.4 | 93.8 79.4 
5,760 27.5 | 220 | 229 20.2 | 83.1 91.0 
92.9 | 217 28.2 178 | 97.8 81.9 

1.7 29.0 72.9 78.8 
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FIGURE 7.—Phenol removal for phenol- 
cyanide synthetic waste with 4:3 phenol- 
cyanide ratio. 


additions were increased when succes- 
sive analyses of stream samples indi- 
cated equilibrium was attained at the 
conditions set. Results of these runs 
are presented in Table ILL. 

These results indicate the effect of 
sulfide in the wastewater to be negli- 
vible for concentrations up to 50 mg/I. 
At a level of 60 mg/l the only effect 
noted was an increase to 3.7 mg/1 sul- 
fide in the effluent from the pilot plant. 
The mechanism for removal of sulfide 
from the water was not investigated, 
but it is probably a combination of 
stripping and oxidation. In any event, 
this process provides a means for the 
disposal of low concentrations of sul- 
fide. 


Packing Inspection 


At the end of one year of operation, 
the pilot plant was shut down and the 
tower opened. Figure 9 is a_ photo- 
graph taken at that time. It is appar- 
ent from the picture that the packing 


Sulfide 
mg, 1) 
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TABLE III. Effect of Sulfide on Phenol and Cyanide Removal 


Application Rate 
(lb, day/1,000 en ft) 


n 


/ 100 Cu FT/DAY 
@ 
| | 
7 ] 
+ 
| 


n 
| 
| 


OWLUTE FEED 
© 4GPM/SQ FT 
4 3GPM/SQ FT 


CONCENTRATED FEED 
© 4GPM/SQ FT 

| A&3GPM/SQ FT 

I x 


8 2 16 20 24 28 32 36 40 
CYANIDE APPLICATION, LB / 1000 CU FT /DAY 
FIGURE 8.—Cyanide removal for phenol- 
cyanide synthetic waste with 4:3 phenol- 
cyanide ratio. 
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was in excellent condition. A careful 
inspection showed no signs of deteri- 
oration or cracking, and a flexure test 
showed the strength to be essentially 
the same as for new packing. This in- 
formation assumes added significance 
when it is considered that the packing 
employed had been used in cooling 
tower tests for two years prior to its 
use in this work. 

The biological growth was distrib- 
uted evenly over the packing and was 
a light brown color suggestive of active 
growth. One interesting point noted 
was that the biological media did not 
grow on the top of packing decks. 
Growth was confined to the vertical 
section of the packing decks and did 
not extend out beyond the protective 
overhang of the T-strips. This was 
probably due to the high hydraulic 
loadings used during operation, and it 
should lessen the possibility of the 
packing being plugged or fouled by 
excessive biological growth. 


Removal Rate 
(Ib /1,000 cu ft) 


In Out Phenol Cyanide | Sulfide | Phenol Cyanide Sulfide 
3/31 20 ) 26.6 | 19.0 5.0 | 253 16.2 4.9 
1/8 10 5 22.9 17.6 | | 100 | 9.3 
| | | 
1/10 50 5 25.3 | 186 125 | 252 | 161 | 12: 
4/14 | 60 3.7 25.2 | 19.2 15.0 | 24.8 16.2 | 14. 
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FIGURE 9.—Packing after a year’s operation. 


Summary and Conclusions 


This development program produeed 
the dis- 
posal of coke-oven wastewaters. Data 
obtained pilot-plant operation 
show very high pollutant removal effi- 


ciencies 


a new type of equipment for 


from 
when operated on a 
thetic feed solution of phenol and ey- 
anide. Consistent removals of 95 per 
cent for phenol and 9J per cent for 
the cyanide obtained. Al- 
though these obtained with 
the synthetic tests made 
in laboratory using both the 
synthetic and an actual coke- 
oven wastewater indicated that 
preciable operating difference 
be expected. 

The effect of sulfides on the opera- 
tion in 


syn- 


were 
data 
feed solutions, 

filters 
waste 


easily 
were 


no ap- 
should 


concentrations up to 
negligible. 
removed 


50 mg/] 
Sulfides 
the 
and ¢on- 


was found to be 


were found to be from 


wastewater in the operation, 


centrations in the effluent less 
than 0.5 mg/l. 

Performance of the packing in this 
operation excellent. | Complete 
freedom from plugging and bridging 
by the This 
probably can be attributed to the large 
openings in the packing decks and to 
the high hydraulie Liquid 
loadings of the magnitude used in this 
work wash the biological slime off the 
decks at points of direct impingement. 
The protection afforded by the 
hanging T-strips on the packing in- 
that the media will 
only on the vertical surfaces of 
the decks and then 
thickness. 

The floe carried in the 
liquid stream is believed to be respon- 
sible for a part of the over-all 
removal capacity of the system. Liquid 
through the not 
oxygen through film 


were 


Was 


biological slime was noted. 


loadings. 


over- 
sures biological 
certain 


only to a 


biological 
large 


flowing down 


only 


tower 


absorbs 


| 
| 
ae 
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formation on the packing, but also 
forms drops which provide an appre- 
ciable amount of additional absorption 
surface. The floc suspended in the 
liquid is probably extremely active 
since a continuous supply of oxygen 
is available at all times. 

Inspection of the packing at the end 
of one year’s operation (plus two 
years’ prior use in cooling tower tests) 
revealed no sign of attack by the bio- 
logical growth or by chemicals in the 
water. Strength of the plastic was es- 
sentially the same as new material. 
This agrees with the findings of other 
investigators that high-impact  poly- 
styrene is essentially unaffected by 
water and dilute aqueous solutions, 
and is not attacked by the bacteria 
present in bio-oxidation systems. 
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Luncheon, with an outstanding speaker from industry, is set for noon; 
the many attractions of the equipment exhibits are available all day ; 
and there is the opportunity to meet and discuss common problems with 


people from other locations. 


So, all you industrial wasters, make sure you come—and bring a 
newcomer to the Federation meeting in Philadelphia October 3-6 at the 


Sheraton and at Convention Hall. 
October 5, but come for the entire meeting, if you can. 


Aim especially for Industry Day, 
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ECONOMIES IN METAL-FINISHING WASTES 
MANAGEMENT * 


Supe 


General Electric’s Appliance Park 
at Louisville, Ky., was constructed over 
the years 1951-57, with operations be- 
ginning in late 1952. 

It consists of six major manufactur- 
ing buildings, a large warehouse, and 
utility All 


of the Company’s major appliances 


accompanying buildings. 
and room air conditioning equipment 
are made here. Over 5.5 mil sq ft of 
floor space is used in the manufactur- 


ing and warehousing of these produets. 


Figure 1 is an aerial view of the Park. 
The parking area is in the foreground; 
the major manufacturing buildings are 
just beyond it, and the warehouse and 
utility buildings are at the rear. 

Large quantities of metal-finishing 
the 
an 


in 
and 


Wastes are generated manufae- 
turing industrial 
waste treatment plant handles a waste 
flow of This plant was previ- 
ously deseribed in detail (1 


pre CESSES, 


med. 


Treatment System 


The wastes at the Park have their 
origin in pickling, anodizing, and plat- 
ing operations. flow 


treatment proce- 


Figure 2 is a 


diagram of the waste 
esses used. The three major wastes, 
chromium, cyanide, and acid-alkali, are 
collected separately and conveyed to 
the treatment plant so each can receive 
special treatment. 

The receiving basins are on the right. 
Wastes are pumped into treating basins 
at- the bottom and to the left. Here, 
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Federation of Industrial Wastes 


Assns.: Datlas 12-15, 1959. 
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air 


r, Water Management and Waste Control, General Electric Company, Louisville, Ky. 


acid-alkali which have the 
greatest volume, are neutralized with 
lime and spent acid. Cyanides are 
destroyed by alkaline chlorination, and 
chromium, usually low in concentra- 
tion, is reduced with sulfur dioxide. 
After separate treatment, the wastes 
are blended together 
to the sewer. 

Figure 3 is an aerial photograph of 
the waste treatment plant. The three 
receiving basins are located in the right 
The treatment tanks are 
adjacent to the near side of the build- 
ing. The basin at the upper left pro- 
vides the and equalization 
capacity. The Parshall flume for meas- 
uring the total diseharge can be seen 
at the far left. The first floor of the 
building houses the office, control panel, 
and equipment; the 
floor is used prineipally for storage. 


wastes, 


before discharge 


foreground. 


blending 


feeding second 
The pumps are located in the basement. 

This facility pretreats the industrial 
wastes into the Metro- 
politan Sewer System of Louisville and 
Jefferson County, Ky. 

Design data for the construction of 
waste facilities called for a 
probable flow of 7.5 mgd. Actual flows 
5.0 mgd and have run as 
high as 6.4 med. 


for discharge 


treatment 
are averaging 


Costs of treatment are running about 
18¢/1,000 gal, including complete sys- 
tem amortization. 

Much effort has been expended in re- 
ducing the quantity of wastes and the 
unit treatment costs. It is the purpose 
of this paper to review GE's experi 


ences along these lines. 
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FIGURE 1.—Aerial view of Appliance Park. 


Minimizing the Waste Problem sive water management program, waste 
Economies in waste management recovery, sale of waste products, waste 
have been effected in many ways. Some reuse, and waste monitoring. Other 
of them are: the use of a comprehen- steps consist of the substitution of 
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FIGURE 2.—Flow diagram of waste treatment processes. 
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FIGURE 3.—Waste treatment works. 


treatment chemicals, 
the use of automation, and the use of 
concentration the 
tanks. 

One of the 
facility is the 
payroll a unit or group whose main in- 


more economical 


controls in rinse 


large 
ability to carry on its 


advantages of a 


terest is in the field of water manage- 
ment and waste control. Without this 


as a primary interest, most programs of 
water 


conservation, waste minimiza- 


tion, and treatment economy are 
doomed to failure, for while good re- 
can be 


sults obtained spasmodiecally, 


only sustained effort ean give long 


term @ains 


Water Management 


Minimizing a waste problem neces 
sarily starts with water management. 
water 
to be 


Conservation of smaller 


handled 


means 


waste volumes and 


treated. Segregation of uses is 
important. At Applanee Park, un- 


contaminated waters used for cooling 


water 


are sprayed in a cooling tower and re- 
cireulated repeatedly. This mill water 
system also furnishes primary fire pro- 
tection. The average flow, recycling 
included, amounts to 15 mgd, which is 
over twice the total quantity of city 
water Treatment of mill water 
consists of the addition of a sequester- 
ing agent and pH control. This sal- 
vaged water is used for lawn irrigation 


used. 


and in some phases of manufacturing. 

Before and since the start of opera- 
tions, a continuous campaign to eon- 
Water 
meters, drip stations, spray and stil 
flow, automatic 
shutoffs, and siphon breakers were in 


serve water has been waged 


rinses, countercurrent 


corporated into the design of equip 
ment and buildings. Frequent surveys 


are made to uncover misuses and wast 
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age of water. Supervisors and op- 
erators in wet areas are educated and 
encouraged in conservation. 

Perhaps a few words on some items 
mentioned above are in order. Meter- 
ing of all water to each manufacturing 
building is done, and on oceasion, to 
certain processes inside the buildings. 
This furnishes a record of usage for 
measuring the effectiveness of man- 
agement measures. The total sewage 
flow is metered, and city sewer charges 
are based on this rather than the water 
used. This basis for charges results 
in a considerable savings; evaporative 
not ineluded, and cooling 
and boiler blow-down effluents 
are discharged to a nearby stream. 

Air-entraining siphon breakers have 
proved very effective for reducing the 
amount of water required for rinsing. 
These when inserted in the 
water line to a rinse tank, entrain air 
along with the water stream and agitate 
the rinse tank contents, bringing all 
the water in the tank in contact with 
the 
vent back-siphoning of solutions into 
the drinking water system. 


SSCS 


tower 


are 


devices, 


work. They, of course, also pre- 


Drip sta- 
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tions, spray and still rinses, and coun- 
terecurrent flow are all useful methods 
of ‘‘getting more work”’ out of a given 
amount of water. 

Another device which has saved 
rinse water is the conductivity meter. 
This instrument is attached to a rinse 
tank and its water control; it permits 
water to be added only when contami- 
nation becomes severe. Figure 4 is a 
diagram showing how such a meter is 
used. The sensing electrodes cause the 
controller to open the solenoid valve 
only as the dissolved salts increase to 
a point which adversely affects rinsing. 

Water management results in an 
estimated savings of $37,500 a year. 
The metering of the plant’s total dis- 
charge to the Metropolitan sewer sys- 
tem is responsible for an additional 
annual savings of $14,500. 


Reuse and Sale of Acids 


Spent acids in large quantities are 
pumped to several holding tanks stra- 
tegically located throughout the plant. 
Irom these, acid may be drained slowiy 
to the rinse waste sewer, or it may be 


a 


FIGURE 4.—Conductivity meter and controls. 
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FIGURE 5.—Acid holding tanks and trailer. 


pumped into a tank trailer for hauling 


to the waste treatment plant for chrome 


treatment or alkali neutralization. Fig- 
ure 5 shows waste acid holding tanks 
and a tank trailer. Both the holding 
tanks and tank trailer are polyvinyl- 
chloride lined. The tanks have a ea- 
pacity of 12,000 gal and the 
trailer, 2,500 gal. A self-priming pump 
is mounted on the trailer for 
ferring the acid. 

Spent acid is also used for pH ad- 
justment of mill water. 
About 300 gal of 25-per cent sulfuric 
acid are used each day for this pur- 
This is fed by manual adjust- 
ment of a drain valve which slowly 
bleeds the acid into a mill water return 
line. Control is very good; the pH is 
maintained within the range of 6.5 to 
7.0 through frequent checks in the 
laboratory. Substituting spent acid 
for acid formerly purchased results in 
an over-all 46.000 a 
year. 


each, 


trans 


(cooling ) 


pose. 


saving of about 


A mixture of phosphorie and nitrie 
acid used in the processing of alumi- 


num parts has been found to be useful 
for fertilizer the 
mixture with 
aluminum, it is pumped into a tank ear 
for shipping to the fertilizer plants An 
average of 130 tons is produced each 
month. Ata value of slightly over $60 
a ton, about $100,000 is realized from 
the resale of this waste product. An- 
other $15,000 the cost of 
lime this 
were neutralized and discharged as a 


manufacture. As 


becomes contaminated 


is saved in 


otherwise necessary if acid 


waste. 


Use of Carbide Lime 


Acidie materials in the waste require 
about 24 tons a week of hydrated lime 
for neutralization. The 
sign of the waste treatment plant called 
for the use of dry lime in 50-lb bags. 
These unloaded truck, 
stacked on a dock, reloaded on a dolly, 
hoisted to the storage room, restacked, 


original de- 


were from a 


and dumped as needed into feeder 


Lime costs about $24 a ton. 
the handling involved, 


hoppers. 


Beeause of 
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the cost, the dust, and, at times, in- 
adequate dry-lime feed capacities, a 
new source of alkali was sought. After 
much experimentation, byproduct lime 
slurry (40 per cent solids) from a local 
acetylene generating plant was found 
satisfactory. 

This material is hauled 10 miles in 
a tank trailer of 3,600 gal capacity. 
There, the tank contents are pumped 
into a feed pit of 9,000 gal capacity and 
rinsed by a hose stream. The approxi- 
mately 25-per cent slurry is kept in 
suspension by mechanical agitation and 
fed by pumping into a head tank from 
which it flows through a pH-controlled 
modulating valve into the neutralizing 
basin. sketch of the 
slurry handling system. On the right 
is the unloading pump. The feed pump 
in the center is actuated by either the 
float switch on the head tank or by a 
pH-controlled pressure switch from the 
effluent basin. The latter is a safety 
system which goes into action in the 
event the pH drops in the mixed waste 
ready for discharge. Ordinarily, lime 
feed is regulated by a pH controller on 
the rinse waste mix basin which con- 
trols a modulating valve. 

Additional slurry 


Figure 6 is a 


storage is fur- 


nished by another pit of 25,000 gal 
No agitation is used here, 


capacity. 
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the contents being restirred by means 
of a fire hose fitted with a high-velocity 
nozzle. Another pump is used for 
transferring from the storage to the 
feed basin. 

Byproduct carbide lime is a good 
neutralizing agent for waste acid, com- 
paring favorably with high-caleium dry 
lime. In 40-per cent slurry form it 
has a unit weight of 9.4 lb gal. Slight 
traces of acetylene and hydrogen sul- 
fide may be present. Delivered costs 
run about $8 a dry ton, slightly more 
than one-third of the cost as purchased 
in 50-Ib bags. Handling is only a frac- 
tion of what it formerly was, requiring 
only about 30 min to unload. Total 
savings amount to $24,000 a year. The 
additional facilities for handling the 
acetylene lime cost about $3,500. 


Miscellaneous 


Materials of an oily nature are con- 
verted from a problem to a profit by 
passing them through several gravity 
separators located at the manufactur- 
ing buildings, and hauling the oil to 
the salvage area where it is sold to a 
reclaiming company. About 16,000 
gal per month are collected and sold 
(at 1¢/gal) and a small portion is 
used as fuel to maintain furnace tem- 
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peratures in the incinerator during 
shutdown periods. 

Filtration of plating solutions ex- 
tends their useful life and thus helps 
reduce waste loads. Nickel and eyanide 
solutions are filtered to free them from 
contamination and pumped back to the 
plating tanks for reuse. 

Continual 
by treatment 
When the 
tion becomes excessive in any one con- 
stituent at the waste treatment plant 
and no scheduled 
for an operating department, immedi- 
By these efforts, 
many dollars have been saved in valu- 


the waste 
effective. 


coneentra- 


monitoring of 
personnel is 


incoming waste 


has been 


ate tracing Is started. 


able chemicals which might have leaked 
away. This effective 
in securing cooperation in reporting 
discharge to drain of spent 
depart- 
ment is charged for survey time as well 


also has’ been 
chemicals), as the offending 
as excess chemical treatment required. 

Instruments measure and record con- 
centrations and flows and control auto 
matic feeders accordingly, freeing op 
erators for many tasks of a less auto- 
matic 
waste 


nature. Capital investment in 
treatment facilities 
minimized by this flow-through design 
which retention and reaction 
times of 30 to 40 min. Meters for pll 
and oxidation-reduction potential econ- 
trol the processes of chromium redue- 


has been 


involves 


oxidation as well as 
neutralization. Flow- 
recording meters, equipment-indicating 
lights, float-operated 
tional 


tion and eyanide 
acid and alkali 
pumps, propor- 
instrument-con- 
trolled valves are examples of some of 


samplers, and 
the instrumentation used in the plant. 


Personnel schedules are arranged 


TABLE I. Summary of Annual Savings from 
Water and Waste Management 


Water conservation § 37.500 
Sewage metering 14,5090 
Use of byproduct lime 24,000 
Mill water conditioning by spent acid 6,000 
fesale of waste phosphorie seid 115.000 


Potal 


S107,000 
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so that two operators, with some as- 
sistance from a maintenance man, keep 
the plant continuous 
seven-day, 24-hr schedule with a mini- 


running on a 
mum of overtime. Of course, automa- 
tion helps greatly in this. 

Limited standby equipment and con- 
tinuous treatment processes make nec 
essary a good, comprehensive, mainte- 
nanee program. All except the heaviest 
maintenance is accomplished by a 
highly versatile maintenance man with 
the assistance of the operators. 


Conclusions 


After reviewing five years of waste 
control operating experience, a num- 
ber of conclusions can be drawn: 


1. Waste control 
management. 


with water 
If water is used only as 
feasible, the 


management 


starts 


needed and reused when 


problems of 


waste and 


treatment are minimized. 

2. Waste solutions often have value 
and ean be reused at the same plant or 
sold or given to others for whom they 
may have value. 


Less 


chemicals 
One plant’s 


waste may sometimes be used for treat- 


treatment 
often may be employed. 


eost ly 


ing a problem at a neighboring plant. 
4. Good design of treatment faecili- 

ties with alert management 

and operation will definitely pay divi- 


coupled 


dends in reliability of control and say- 
ings in costs. 

5. Waste control and reduction steps, 
in addition to simplifying the waste 
problem and its treatment, pay real 
cost-reduction benefits. Such measures 
saved $197,000 at Appliance Park in 
1958. These savings are summarized 
in Table 

6. In addition to the 
estimated that 


facilities, 


above, it is 
automation of waste 
treatment flow-through de 


sign, personnel management, Waste 
volumes 
$50,000 annually. 


£9.47.000 


Water reuse, and lower waste 


ure worth at least 


This makes a grand total of 


= 
: 3 
7 
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which the comprehensive program of Control Consultant, General Electric 
water management and waste control Company, in the preparation of this 
is saving the Company each year. paper. 
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The waste treatment project under 
construction on the upper reaches of 
the North Branch Potomac River near 
Westernport, Maryland, is the result 
of cooperation between government and 
industry. It is also an example of the 
application of publie authority or com- 
mission financing to the treatment of 
industrial wastes. While such authori- 
ties have been used frequently through- 
out the United States for other indus 
trial and commercial purposes, such as 
the construction of terminals, airplane 
hangars, factory buildings, ete., this 
project is unusual, if not unique. 

The new treatment works are owned 
by the Upper Potomae River Commis- 
sion. They are designed to serve the 
pulp mill of West Virginia Pulp and 
Paper Company and the nearby towns 
of Luke and Westernport, Maryland, 
and Piedmont, West Virginia. 


Waste Treatment Project 


The waste treatment project con- 
sists of three parts: 


1. A 54-in. diameter trunk sewer 
about 1 mile long between West Vir- 
ginia Pulp and Paper Company’s mill 
and the waste treatment plant in West- 
ernport. The trunk sewer was finished 
in 1958. 

2. A 21-med activated sludge plant 
for treating pulp mill waste and mu 
nicipal sewage. This plant began op 
erating early in 1960 

3. A municipal sewage collecting 
system, including interceptors and a 
pumping station, to be built in 1960. 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 
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The Upper Potomae River Commis- 
sion project will cost approximately $4 
million. In addition, West Virginia 
Pulp and Paper Company has built a 
separate 6-med clarifier for the treat- 
ment of its paper mill wastes. The 
paper mill wastes are high in sus- 
pended solids, but fairly low in BOD. 
Provision has been made for discharg- 
ing the effluent from the paper mill 
clarifier to the activated sludge plant 
for secondary treatment, but this 
should not be necessary for some time. 

The activated sludge plant (Figure 
1) consists of a primary clarifier, three 
aeration tanks, two final clarifiers, a 
sludge thickener, and a sludge vacuum 
filter (Figures 2, 3, and 4). The de- 
sign specifies the use of turbine aer- 
ators instead of conventional air dif- 
fusers. No digesters are provided, and 
the raw sludge is dewatered and 
trucked to an abandoned strip mine in 
the vicinity. While the municipal sew- 
age will average less than 5 per cent 
of the total flow through the plant, it 
will contribute some of the phosphorus 
and nitrogen needed for the activated 
sludge process and will reduce the cost 
of nutrients to be purchased. 


Upper Potomac River Commission 


The Upper Potomae River Commis- 
sion is a body corporate and_ politie. 
It consists of three members appointed 
by the Governor of Maryland, two 
from Allegany County and one from 


Garrett County. The Commission was 
created in 1935 by the Maryland Gen 
eral Assembly for the purpose of regu- 
lating the flow in the North Branch 
Potomae River and for building and 
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FIGURE 1.—General view of the activated sludge treatment plant. 


FIGURE 2.—Aeration tanks, primary clarifier, and control building. 
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operating the Savage River Dam, a 
few Westernport. This 
dam, financed by Allegany County and 


miles above 
the Federal Government, was built for 
the Commission by the Corps of Engi- 


neers. It was completed in 1951, and 


June 1960 


FIGURE 3.—Blowers for air supply to activated sludge. 


was filled early the next year. Savage 
River Reservoir provides water supply, 
flood control, and low flow regulation of 
the North Branch Potomae River. To- 
gether with the Stony River Dam, 
built by West Virginia Pulp and Paper 


FIGURE 4.—Final clarifiers. 
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Company in 1913, the reservoir per- 
mits regulation of the North Branch 
discharge to not less than 60 med. 
Without this regulation, summer flows 
at Luke would drop to 20 med, and 
sometimes less. 

The two have eX- 
tremely important to the industrial 
development of the valley in provid- 
ing water supply and in_ providing 
water for dilution of industrial wastes. 
sewage, and acid mine drainage. Much 
of the North Branch eatchment area 
above Westernport contains strip coal 
mines, some active and 
doned, and acid mine drainage 
been a problem for many years. 


reservoirs been 


aban- 
has 


some 


It had been evident for several years 
that it was necessary to reduce indus- 


trial and domestic pollution of the 
river. In 1957 when it became known 
that waste treatment facilities would 


be needed for a proposed enlargement 
of the pulp and paper mill at Luke 
and for the treatment of municipal 
sewage, the Maryland assembly ex- 
tended the authority of the Upper 
Potomae River Commission to inelude 
the construction, maintenance, and op- 
eration of facilities for the treatment 
and disposal of industrial waste and 
sewage in the Luke-Westernport area. 
The remainder of this paper deals with 
the legal and arrangements 
between the Potomac River 
Commission, West Virginia Pulp and 
Paper Company, and towns participat- 
ing in the project. 


financial 
Upper 


Contract Between Commission 
and Industry 


The Commission entered into an 
agreement with West Virginia Pulp 
and Paper Company in February 1958. 
This contract is the heart of the under- 
taking. It reflects the important role 
of the Company in the project and pro- 
vides the security behind the revenue 
bonds sold to finance the trunk sewer 
and treatment Briefly, 
the Commission build the 
sewers and waste treatment facilities, 


waste works. 


agreed to 


INDUSTRY-MUNICIPAL TREATMENT 


643 


to aequire the necessary land and 
rights-of-way, to obtain necessary per- 
mits from local and state agencies, and 
to operate and maintain the treatment 
works as required to meet standards 
established by the Maryland Water 
Pollution Control Board and Maryland 
Department of Health. In return, the 
Company agreed to pay to the Commis- 
sion enough money each year to cover 
fixed charges and operating and main- 
tenance expenses, less whatever amounts 
were colleeted by the Commission from 
the adjacent towns or other industrial 
users. The contract provides also for 
building up a small reserve fund dur- 
ing the first two years of operation. 

The contract between the Company 
and Commission runs for a period of 
40 years. The Company has the right 
to speed up retirement of the bonds 
and discharge its obligation at an 
earlier date, but only if provision is 
made for continuing treatment of the 
municipal wastes. 

In turning over the project to the 
Upper Potomae River Commission, the 
Company transferred title to land it 
had acquired previously and made 
made available engineering plans that 
were in progress throughout the period 
of negotiation. Money spent in these 
preliminaries by the Company ulti- 
mately was reimbursed out of proceeds 
of the sale of revenue bonds. All land 
and rights-of-way for the treatment 
plant and for the main trunk sewer 
were obtained without resorting to the 
Commission’s of eminent 
main. 

While the contract gives the Com- 
mission full power of administration, 
it is not a earte blanche, and retains 
for the Company control of a number 
of important features. For example, 
the contract provides the following: 


power do- 


1. Company approval of plans and 
specifications, approval of the award 
of construction contracts, and approval 
of any divergence plans and 
specifications during construction, 


from 


Ol 


TABLE I.—-Waste Flow Limits Commission 


Must Accept 


Community Peak Flow (gpd 


770,000 1,375,000 
580,000 1,030,000 


185.000 330,000 


Westernport 
Piedmont 


Luke 


and consulting engi- 
neers’ approval of an operating sched- 


budget 


Compan) 


ule and and any changes 
therein. 

3. Company approval of contracts 
for waste treatment between the Com 
mission and and prohibition 
against accepting any that 
might prove harmful to the works or 


treatment processes, 


At the the Company 
agreed to provide technical assistance 


towns, 


wastes 


time, 


same 


in operation of the plant, emergency 


maintenance and repair work, and to 
seek out and correct as far as possible 
mill operations that resulted in wastes 
difficult to treat. 

The contract provides that the Upper 
Potomac River Commission may ac- 
cept the municipal sewage from Luke, 
Maryland, Westernport, Maryland, and 
Piedmont, West 


pletion of satisfactory 


Virginia, on ¢com- 
arrangements 
between the Commission and the towns. 
The sewerage systems of these towns 
include combined sewers, in which in- 
filtration is 
Kor this reason the flows the Commis- 


severe in some instances. 
sion is required to accept were limited 
as shown in Table I. 

These limits 
doubling of the present 
average sewage discharges of approxi- 
mately 120 gpd/cap, and peak flows of 
240 gpd/cap. Storm 
of these will 
the river without treatment. 

The trunk and treat- 
ment plant were placed in operation 


were set to allow for 


population, 


flows in 


eXCOSS 
limits be discharged to 


large sewer 


on schedule. Construction contracts 
were awarded on the basis of competi- 
tive 


required, and the contracts have been 


bids. Performance bonds were 
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administered by the consulting engi- 
the along the 
lines normally followed in publie mu 
nicipal work. Only a few changes in 
plans and minor additions were neces 


neers for Commission 


sary, and except for regular progress 
occasional meetings, the 
Company had little contact 
with the A by-product of the 
arrangements has been the release of 
Company personnel to administer the 
mill expansion without interruptions 
for taking care of the waste treatment 
program. 

In May 1958, 40-yr revenue bonds 
were sold to a number of institutional 
investors. 


reports and 
officials 


work. 


The yield ranged from 2.2 
to 3.75 per cent and averaged 3.7 per 
cent. Bond maturities are arranged 
so that the annual payments for in- 
terest and amortization are substan- 
tially uniform over the 40-yr period. 
The bonds are callable after 10 yr, with 
the 5-per cent premium stipulated for 
1969 declining to 0 in 1988. 


Contracts Between the Commiss‘on 
and Communities 


In arranging for treatment of mu- 
nicipal sewage, the Company and Up- 
per Potomae River Commission agreed 
to: (a) treat the sewage without charge 
if the towns built the 


necting sewers, or (b 


necessary con- 
charge the towns 
their proportionate share of fixed and 
operating costs if the connections were 
built by the Commission as part of the 
over-all project. 

Luke and Piedmont elected to build 
their own connections and to receive 
free treatment of Western- 
port elected to participate in the whole 
project and pay its share of the costs. 


sewage 


The Commission’s plans to build the 
necessary intercepting sewer and con- 
nections are moving ahead. The pro- 
portionate share is to be determined on 
the basis of metered flows without ad- 
justment for differences in strength of 
the sewage and pulp mill waste. 

The cost of connections for Western- 


a 
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port sewers will be substantially greater 
than for the other two towns, and by 
sharing in the Commission project, 
Westernport is relieved of raising nee- 
essary construction funds. 


Conclusion 


The waste treatment program de- 
veloped by West Virginia Pulp and 
Paper Company and the Upper Po- 
tomac River Commission was tailored 
to a particular situation in which the 
volume of municipal sewage is so small 
as to have little effect on treatment and 
operating costs. The arrangements 
also reflect the dominant role of the 
industry in the economy of the region 
and its willingness to help the com- 
munities in solving their sewage treat- 
ment problems. Where the quantity 
of sewage and industrial wastes are 


more evenly matched, costs are more 
important and equitable allocation is 
It is 


frequently a difficult problem. 
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Copies of the 62 papers produced for presentation during the 1960 
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hoped, however, that this brief state- 
ment may assist others who are faced 
with a similar problem. 
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Nuclear Congress (April 4-7 in New York) are now available and may 
be ordered from: The 1960 Nuclear Congress, 29 West 39th Street, New 


York 18, New York. 
is $20. 
York address. 


ATOMIC ENERGY PROCEEDINGS 


The Atomie Energy Commission has published a 29-page catalog, 


The price of each paper is 50¢ or the entire set 
A full listing of the papers may be obtained from the New 


‘*Proceedings of Technical Meetings,’’ which is available, without charge, 
from the Commission’s Technical Information Service Extension, P. O. 


Box E, Oak Ridge, Tennessee. 


The catalog lists and deseribes the published proceedings of 126 
selected meetings, conferences, and symposia held during the past 10 
years in which the Commission or its contractors were sponsors, ¢o- 


sponsors, or majer participants. 


The availability and price of the 


proceedings for each of the meetings listed is also shown. 


Among the 19 subject groups is waste processing. 
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Numerous chemical and biochemical 


reactions have been 
first-order equation, 
ferred to as 


‘*unimoleeular.’’ 


described by a 
sometimes re- 
‘‘monomoleeular’’ or 

Theriault (1 
it to describe the biochemical oxygen 


used 


demand; Velz (2), to deseribe the 
operation of biological filters; and 
Phelps (3), to describe stream self- 


purification of bacterial loadings. 
The general forms of the equation 


are: 


where 


L’ = amount or number remaining at 
time f, 
L ultimate amount or number, 


K logarithmic rate (amount or num- 
ber per unit time), and 
t = time 
or 
-=1-—10-4 (2 


where y is amount or number used in 
time 


This 


for solving the equation 


paper describes two methods 
Applieation 
is limited to 
BOD, although the 
techniques used are applicable to any 


first-order 


of the methods deseribed 
the evaluation of 


reaction. 


Stream Pollution 


RAPID METHODS FOR SOLVING FIRST-ORDER 
EQUATIONS 


By James P. SHEEHY 


Senior Sanitary Engineer, Training Program, Robert A. 
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Taft Sanitary Engineering Center, 


Cincinnati, Ohio 


Biochemical Oxygen Demand 


devel- 
oped for the application of the equa- 
tion to experimentally determined 
BOD data. In 1932, Theriault (1) 
published tables of the value 1-10" 
for various values of K and ¢t. Graphi- 
eal methods have been deseribed by 
Thomas (4), Moore ef al. (5), and 
Tsivoglou (6 The the 
equation by use of an analog computer 
has been described by Sinkoff and eo- 


Several methods have been 


solution of 


workers (7 

Tabular and graphical methods have 
shortened the time required for solu- 
tion, but they are still time-consuming. 
Moreover, the computer, al- 
though rapid once the data have been 


analog 


programmed, is an expensive capital 
investment and generally is not avail- 
able. A rapid, accurate, and inexpen- 


sive means of solving the equation 
appears desirable. 

Two short-cut methods are pre- 
sented: one employs a type of slide 
rule, the other, a series of graphs. In 
each, the ratio of the BOD in a time 
time to its value at 5 
The first 


rule, is 


series at any 
days is used to determine K. 
method, employing the slide 
applicable to the ratios of observations 
on whole day intervals, from 1 to 8 
days, to the 5-day BOD. The graphi- 
cal method, on the other hand, although 
not as rapid as the slide rule, can be 


; 
y 
| 
10 Kt l ) 
Fi 
3 
| 
: 
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or 


\ 
\ 
\ 


FIGURE 1.—Slide rule for solution of first-order equation. 


used with whole or fractional 
values. 

The 5-day BOD is taken as the base 
of reference for both the slide rule and 
graphical methods, but any other point 


of reference can be used. 


day 


BOD Slide Rule 


The cireular slide rule for the solu- 
tion of the first-order equation is 
shown in Figure 1. Scales A and B 
are one-cycle logarithmic plots of the 
numbers from 1 to 10, and, as such, 


can be used for multiplication and di- 
vision. Seales C and D are the values 
of 1-10 ** and 10-*' plotted in rela- 
tion to values of At on the B scale. 
The C To the 
left of Index B are values for the per 


scale is a divided seale, 


cent oxidized and remaining for val- 
ues of Kt less than 0.1; to the right of 
Index B are 
corresponding to Kf 
than 1.0. 
the per cent oxidized and remaining 
for values of Kt from 0.1 to 1.0. 


values of this funetion 


values greater 


Seale D contains values of 
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Example 1: If the K value of a 
waste is 0.12, what is the per cent re- 
maining after 6 days? 

Solution 1: 
the B seale. 
the A 

this 


Set A over 12 on 


Move the cross hair over 


Index 
6 on scale. Since the value of 
Kt in 0.72 and between 
0.1 and 1.0, the per cent remaining is 
shown on the D seale. 


Case is 


The per cent 
remaining for these particular values 
of K and ¢t would be 19.1 per cent. 
The ultimate demand, L, of this 
waste could then be determined by 
dividing the 6-day BOD value by the 
per cent oxidized indicated on Seale D. 


Some workers in the water pollution 
field are reluctant to characterize spe- 
cific wastes by their K values. This 
is due in part to the additional labora- 
tory work necessary in the running of 
a time series of BOD determinations 
as well as the mathematical manipu- 
lations necessary to compute a K value 
for a fitted first-order curve. With the 
rule, AK is determined directly. 


slide 
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Seven scales are plotted on the rule 
for values of AW for the ratios of the 


daily BOD values in a time series 
to the 5-day BOD. These scales 
are labeled Ky,5, Koss, Kays, Kars. 


Kos, Keys, and The subseripts 
refer to the BOD results for the days 
indicated, i.e., 1/5 means the ratio of 
the 1-day to the 5-day BOD, and so on. 


Example 2: The 3-day and 5-day 
BOD values are 6.17 and 7.30 me/I, 
respectively. What is the value of K? 


Solution 2: Set Index A over the 5- 
day value of 7.3 on the B seale. By 
moving the cross hair over the 3-day 
value of 6.17 on the B seale, the value 
of K can be read directly on the K3/; 
scale. In this case, K = 0.217. 

It is not considered good practice to 
determine the K value of a waste on 
the basis of a single ratio. Proper 
procedure dictates the determination 
of a time series of BOD values for a 
specific waste. The results are plotted, 


t-DAYS 


| 
| 


i 
0.1 02 0.3 0.4 0.5 


RATIO BOD;/BODs 


FIGURE 2.—Values of K for ratios of BOD, to BOD, for 


0.6 0.7 a8 


t less than 5 days. 
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i 
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| | | 

| 
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t—DAYS 


1.3 


1.4 15 1.6 7 


RATIO BOD,/B0Ds 


FIGURE 3.—Values of K for ratios of BOD; to BOD, for t greater than 5 days. 


a smooth curve fitted to the data, and 
the values of the 1-, 2-, 3-, 4-, 5-, 6-, 7-, 
and 8-day BOD values are obtained 
from the fitted curve. Using the pro- 
cedure described in Example 2, Index 
A is set over the 5-day BOD value on 
Seale B. By moving the cross hair 
over the values of the 1-, 2-, 3-, 4-, 6-, 
7-, and 8-day BOD values on the B 
scale, the values of K can be read di- 
rectly for each setting on the corre- 
sponding K seales, i.e., on 
ete. 

The values determined by this pro- 
cedure are then averaged. The aver- 
age WK value is then used to compute 
the ultimate first-stage demand of the 
waste by first determining the per cent 
of BOD oxidized at that K rate after 
5 days (see Example 1), and then di- 
viding the 5-day BOD by the per cent 
oxidized. Fifty sets of time-series 
BOD determinations made on indus- 


trial wastes and stream samples were 


examined; K and L values were deter- 
mined for each series using the slide 
rule. In all cases, the results obtained 
with the BOD slide rule compared 
favorably to the results obtained with 
all other methods tested (1) (4) (5) 
(6), and differences were no greater 
than those attributable to the inherent 
error in the BOD test itself. 


Graphical Method 


The graphical method is based on 
the same principles as the slide rule 
method. The use of Figures 2 and 3 
permits K values to be determined 
directly. Figure 2 contains A values 
based on the ratios of BOD at time ft 
less than 5 days to the 5-day BOD, 
while Figure 3 contains K values based 
on the ratio of BOD at time ¢ greater 
than 5 days. 


Example 3: The 3-, 5-, and 7-day 
BOD’s of a waste are 1.38, 1.71, and 
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FIGURE 4.—Amount of ultimate first-stage BOD remaining and oxidized for values of Kv. 
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1.87 mg/l, respectively. Determine 
the K value of the waste. 


Solution 3: The ration of the 3-day 
BOD to the 5-day BOD is equal to 
1.38 /1.71, or 0.808. Enter the ratio of 
BOD,/BOD, scale at 0.808 and the 
time seale at 3 days in Figure 2. It 
can be seen that these lines intersect 
at K equal 0.17. 

The ratio of the 7-day BOD to the 
5-day BOD is 1.87/1.71, or 1.092. In 
this case, Figure 3 is used. It ean be 
seen that K is again equal to 0.17. 

Figure 4 is a plot of the solution of 
the first-order equation for the per cent 
remaining and the per cent oxidized 
for various values of A?t. This is simi- 
lar to the plot used by Velz (2). 


Erample 4: Given a waste having 
K = 0.15, what is the per cent oxidized 
after 4 days? 


Solution 4: Enter the At seale in 
KFieure 4 at 0.60; this intersects the 
plot at 75 per eent as indicated. 


Interpretation of K Value 


The values of A as determined by 
either the slide rule or graphical 
method can provide some very useful 
information about the particular waste 
under consideration. Three cases that 
have been found in examining a num- 
ber of time series are deseribed. 


Case I: If the data determined ex- 
perimentally in a time series follow a 
first-order reaction, then K,,; = Keys 

K3;5...= 

Case IT: If a lag period is present 
in the time series, then Ky); < Keys 

K3j5...< Kays. 

Sometimes it is possible to deter- 
mine a lag period by a simple plot of 
the observed BOD values against time 
on arithmetic graph paper. There are 
a great number of cases, however, 
where the only method available for 
determining a lag condition is the com- 
putation of the day-to-day K values. 
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In eases where the lag condition is dis- 
covered only after the A values are 
computed, a simple shift of the origin 
of the time series to the first day usu- 
ally corrects for this condition. This 
shift is accomplished by simply sub- 
tracting the BOD value obtained for 
the first day from all succeeding val- 
ues, and caleulating the A values for 
the adjusted data. The solution of the 
equation then becomes: 


y = BOD, + L,(1 — 10-*").. . (3) 


where L, is the ultimate demand I 
minus the first-day BOD and ? is time 
in days minus 1 day (if for a 1-day 
shift). 

Case III: The greatest number 
of eases observed, however, exhibit 
the following condition: Ay,; > 
> Kay;...> Numerous authors 
have cited this condition as evidence 
of a constantly changing K. Such a 
condition could result from an initially 
high demand, or multiple A systems 
operating simultaneously as referred 
to by Tsivoglou (6). It is sometimes 
possible with data exhibiting two 
rates, one fast and one slow, to separate 
the components by using the time shift 
procedure already described. 

The choice of method, slide rule or 
graphical, depends on the arrangement 
of the data. For most purposes, the pro- 
cedure of averaging the daily A values 
and calculating the value of DL based 
on the average K rate is sufficiently 
accurate for the characterization of 
specifie wastes. 
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UTILITIES QUESTIONNAIRE 


During the past month the Bureau of the Census has mailed ques- 
tionnaires to all publicly-owned water and sewerage utilities serving 
populations greater than 5,000 and to the privately-owned water utilities 
serving 25,009 population or more. <A total of nearly 3,000 water and 
2,500 sewerage utilities will be included in the survey. 
naire will information on the working and stocks of 
materials and equipment kept by the utilities. These data will then 
be correlated by the Office of Civil and Defense Mobilization with similar 
data on availability from other sources. The accumulated data will 
finally be evaluated to determine total stocks of critical materials and 
equipment, and to estimate requirements for essential materials in the 
event of a nuclear attack or other major disaster. 
part of the survival items 
OCDM. 

The survey of essential materials is a part of the program of the 
OCDM to assess the civil defense and mobilization readiness of essential 
services such as water and sewerage utilities. 


The question- 


request reserve 


This activity is a 


broad being coordinated the 


program by 


Those determinations will 
assist in planning to meet disaster conditions at state and local, as well 
as federal levels. 


The OCDM considers that planning to assure safe and adequate 
water supplies for the surviving population must receive a high priority 
to prepare for survival and maintenance of health in the event of a 
nuclear attack. 


Members of the Federation are requested to give active 
and full cooperation to effect complete and early return of the data re- 
quested. 
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DEEDS AND DATA 


“If you want to kill any idea in the world today, get a committee working on it.’ 


Charles F. Kettering 


Highlights from the Annual Reports of Atlanta, Ga., Buffalo, 
N. Y., DeKalb, Ill., Eau Claire, Wis., Fort Lauderdale, Fla., Las 
Vegas, Nev., Latrobe Valley Water and Sewerage Board, Tra- 
ralgon, Australia, New Britain, Conn., Oshkosh, Wis., Painesville, 
Ohio, Santa Rosa, Calif., Sonoma, Calif., Walla Walla, Wash., 
and Washington Court House, Ohio. 


Leonard E. Superintendent, South River Plant, Atlanta, Ga.; 
GrorGe F. Fynn, Superintendent, Buffalo, N. Y.; Donato E. Henn, Manager, 
DeKalb Sanitary District, DeKalb, Ill.; Fioyp Morenovuse, Superintendent, Eau 
Claire, Wis.; Cuartes 8. McKtnney, Director of Utilities, Fort Lauderdale, 
Fla.; R. P. Saver, Director of Public Works, Las Vegas, Nev.; Teurorp J. 
PriestLey, Secretary, Latrobe Valley Water and Sewerage Board, Traralgon, 
Australia; Joun R. Szymanski, Superintendent, New Britain, Conn.; R. W. 
Frazier, Engineer-Superintendent, Oshkosh, Wis.; L. Lyon, Chief 
Operator, Painesville, Ohio; M. B. McKrinniz, Superintendent, Santa Rosa, 
Calif.; Mervin F. Kuemick, Chief Plant Operator, Sonoma Valley County 
Sanitation District, Sonoma, Calif.; C. S. Zickeroose, Superintendent, Walla 
Walla, Wash.; and C. J. Marknam, Superintendent, Washington Court House, 
Ohio. 


Grit 


year, 2,500 acres of land were cleared. 
Ultimately, 3,500 acres will be available 
for irrigation and another 3,500 will 
be used for grazing. Of the 2,500 acres 
cleared, 600 were sown in Japanese mil- 


Analyses of composite grit samples 
from Buffalo reveal that 90 per cent 
of the settled grit is retained on a 40- 


mesh sereen. Buffalo’s grit removal 


facilities are of the controlled-velocity 
type. 


Land Disposal 


In the Latrobe Valley of Australia, 
4.8 mgd of paper wastes, 0.7 mgd of 
gas wastes, and 0.25 mgd of sewage are 
used as irrigation water. During the 
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let and 400 in Algerian oats; 6,700 
lambs were purchased for fattening 
(Figure 1). Stock water is obtained 
from wells. 

Some buildup of salts is found in 
the soil of the experimental plots, but 
with adequate drainage it is not ex- 
pected to reach texie concentrations. 
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FIGURE 1.—Part of first wool clip from 
Dutson Downs disposal farm. 


Industrial Wastes 


Until recently, the utilization of 
Walla Walla’s treated effluent 
rigation was quite successful. 


for ir- 
But the 
freeze, which 
demand for 


combination of an early 
reduced the irrigation 
water, and a record pea crop, which in- 
creased waste volumes, caused a halt in 
reuse. Of the water 
quality was probably the most damag- 
ing. 


two reasons, 


As the ratio of industrial wastes to 
sewage increased, so did slime growths 
and odors. 
head 


Slime growths caused over- 


sprinkling systems even 
ditches to clog on oceasion. 

Provisions were made to treat the 
blanching wastes at the city treatment 
plant; other wastes, however, were dis 
charged directly to Mill Creek. 

With sueh an abundance of pollu 
tion, 
which 


problem. 


Ways were 
lead to a solution of the 
The addition of 


trol chemicals was tried on an experi- 


immediately sought 
might 


slime-con- 


June 1960 
mental garden, but they were either 
ineffective or too expensive. Chlorina- 
tion offered no relief to the slime prob- 
lem, even at dosages of 30 mg/l. <A 
small trickling filter (55-gal barrel) re- 
duced the BOD by about one-third 
when recirculation was practiced, but 
the small size of the equipment pre- 
eluded 


of the suecess. 


the extent 
Studies are continuing. 


firm conclusions on 


Nuisances 


The that isn’t bothered by 
a nuisance of one type or another is 
unique, and Fort 
One complaints 
stemmed from the noise made by the 
exhaust from pneumatic ejectors; car 
mufflers stopped this one. 
round of 


system 


Lauderdale is no 


exception. series of 


second 
complaints stemmed from 
odors emanating from manhole covers. 
To correct this condition, the handling 


holes in the manhole cover were plug- 


ged with soft rubber stoppers and an 
ozone generator was installed at a 
nearby pumping station (Figure 2) 
Success is close to 100 per cent. 


Operation 


Operating data from 12 treatment 
plants appear in Tables I and II. Data 
in Table I are from primary plants; 
data in Table II trickling 
filter plants. 


are from 


Oxidation Ponds 


The oxidation ponds at Santa Rosa 
are offering successful resistance to a 
host of weed control procedures. <A 
contractual arrangement aban- 
doned when the contractor found that 
weed control evidently cost much more 
than the quoted Sinee that 
time, a number of weed-killers have 
offered for trial, but 
demonstrated control in the 
sought. 


Was 


price. 


been none has 


manner 


At present, the levee tops are scraped 
with a grader and the outside slopes 


are sprayed with weedicide. Fair 
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control is obtained, but no chemical has 
been found which will do a good job 
and, at the same time, cause no trouble 
with the water that must go to the 
creek, 

Water buttercup is becoming a seri- 
ous problem in the first of two ponds. 
The use of a drag line does not help 
it is 
believed that if the sludge in the pond 
is removed, the buttercup problem will 
be solved. 


because the mat is too large. 


Sewer Maintenance 


The full-time sewer maintenance 
program at Las Vegas, Nev., has telling 
effects as can be seen from the data in 
Table III. The city’s maintenance 
program was begun in 1943, and the 
steady drop in stoppages in the public 
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fii 


FIGURE 2.—The Lido Drive pumping station was designed to blend with the 
architecture of the surrounding homes. 


sewers is noteworthy, especially when 
contrasted with the steady increase in 


the length of the system. 


Stream Temperatures 


The effect of hot weather on streams 
is sometimes dramatic. A ease in 


TABLE III.—Comparison of Sewer 
Stoppage Records 


| | | 

Sewers } 

Stoppage In |Per Cent 

toppages| in City | Private | in City 


Reported | 
Lines 


| (miles) | Lines | Lines 


1959 | 191 160 | 19 141 | 11.9 
1958 | 187 142 13 129 9.2 
1957 | 182 145 17 128 | 11.7 
1956 | 163 165 27 138 | 16.4 
1955 | 137 118 27 91 | 23.0 
1954) 108 112 43 69 | 38.4 
1953 | 95 91 42 49 | 44.2 
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point is the Latrobe River in southern 
Australia where a temperature of 
102.2°F was recorded. The flow of the 
river was not given, but the Latrobe’s 


Attention operators! 
and small sewage and 


for abstracting 
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recorded in 1939 
about 5 to 10 miles below the point of 
the temperature measurement was 37 
med, 


minimum discharge 


It will be appreciated if copies of the annual reports of both large 
nd industrial waste treatment plants are sent to the Federation office 

in this section of the Journal. 

Water Pollution Control Federation, 4435 Wiseonsin Ave., 


Please direct annual reports to: The 
Washington 16, D. C, 


PLANT MAINTENANCE AND THE CONSULTING 
ENGINEER * 


By E. 

Kirkham, 

The consulting engineer rarely is 
involved in the daily maintenance af- 
fairs of waste treatment facilities. His 
services, by nature of his business, are 
intermittent. He is called in to help 
With special problems at times of ob- 
vious overload or impending overload 
of existing facilities or to develop fa- 
cilities where ‘they do not exist or to 
study and give advice about unit proe- 
unbalanced condition 
may have developed. Ile, 


esses where an 
therefore, is 
in a position to take a fresh look at the 
quality and completeness of mainte- 
nance performed at treatment plants. 

It should be that in 
many respects the terms ‘* plant main- 


tenance’’ 


pointed out 


and ‘‘plant operation’’ are 
nearly, if not actually, synonymous. 
[t should be agreed further that preven- 
tive 


maintenance, housekeeping main 


tenance, and corrective maintenanee 
imply procedures accomplished for dif- 
ferent though they are all 
related through the habits and 


attitude Ss of the operator or supervisor 


reasons 


work 


in responsible charge of the facility. 


* Presented at the Stl Annual 
Nebraska Sewage and _ Industrial 
Assn.; Sidney, Nebr.; Nov. 5—6, 1959. 


Meeting, 
Wastes 


Bruce MEIER 


Michael and Associates, Omaha, Nebr. 


Housekeeping Maintenance 


Almost without fail, at meetings of 
treatment there is 
heard repeated reference to the need 
It is true that 
with 
scaled paint, 
empty oil cans, dis- 
carded machine parts, and other odds 


works operators, 
for good housekeeping. 
a plant 
cluttered 
window 


surrounded weeds and 


with broken 


class, 


and ends may be in the best of 
chanical and rendering a 
solids and reduction 
The better than 
good, however, that the appearance of 
the grounds, buildings, and other strue- 
tures is an indicator of the 
preventive and corrective maintenance 
habits of the man in charge and, there- 
fore, an accurate indieator of his gen- 
eral attitude toward his total 
sibility. 


me- 
condition 
BOD 


chanees 


second to 


none. are 


accurate 


respon- 


logical in a diseussion of 


It seems 
plant maintenance to emphasize that 
good housekeeping is only one aspect 
of the operation of the total plant. To 
hand-clip the grass along the plant 
ground walks while the clarifier mecha- 
nism is rapidly rusting away or a 
pump or motor bearing is screaming 
for lubrication is obviously foolish. 
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Plant maintenance requires planning, 
and the wise operator shows good judg 
ment in scheduling his activities. Some 
maintenance items require daily atten 
tion whereas others require weekly, 
monthly, or even only annual eon- 
sideration. 

An appropriate maintenance sched- 
ule must be developed for each plant. 
The schedule selected will depend on the 
kind of plant, equipment, and manu- 
facturers’ recommendations. More im- 
portantly, however, the development of 
the schedule depends on the judgment 
and earnestness of the operator. The 
program should be typewritten and 
bound in a suitable notebook for ready 
reference by him and his suecessor, 
The suecessor to the thinking operator 
is almost always brought to the job be- 
cause either the first operator moves on 
to a better position or he is so well liked 
that he holds his position until retire- 
ment. Regarding better jobs, state 
health departments, consulting engi- 
neers, and manufacturers’ representa- 
tives are frequently asked by commu- 
nities for assistance in finding good 
personnel. Since the reputation of the 
recommender as well as the reeom- 
mendee is at stake, it is clear that the 
quality of plant care will in large part 
influence a decision as to whether an 
individual deserves a recommendation. 
From a personal standpoint, a good 
maintenance program enhances the op- 
erator’s future, as well as the future 
of the plant. 

Further, good housekeeping prac- 
tices can frequently be used to gain 
public support for needed plant im- 
provements through pictures in the 
newspaper or conducted tours at an 
open house. 

Housekeeping maintenance has been 
briefly touched upon and can be sum- 
marized with the following words: 
broom, shovel, lawnmower, sprinkler, 
hose, paint brush, paint, sponge, cham- 
ois, dust rags, solvent, mop, a few 
simple tools, a most modest budget, and 
energy. 
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Preventive Maintenance 


Preventive maintenance has been 
alluded to and can be summarized with 
these words: manufacturers’ recom- 
mendations, a schedule followed re- 
ligiously, proper lubricants, appro- 
priate stock of expendable maintenance 
parts, tools, and place to work. 


Corrective Maintenance 


Corrective maintenance as used here 
means the repair or replacement of 
badly worn parts or parts which have 
physically failed in service. In short, 
it refers to those situations which have 
passed the preventive maintenance 
phase either, gradually, through nor- 
mal wear-and-tear or, abruptly, by dra- 
matic physical failure. 


Results of Poor Maintenance 


Perhaps a few specific examples 
would be of interest : 


In the design of waste treatment 
improvements, accurate records of flow 
history are important. Frequently, it 
is possible to use per capita flow 
changes for maximum, average, and 
minimum rates as an aid in estimating 
future flows. Also, maximum to aver- 
age ratios can be traced, and these are 
important since certain unit processes 
are sized to handle the ratio which will 
prevail. For these reasons, it is under- 
standable that a consulting engineer 
was delighted to learn, when retained 
to study expansion requirements for 
a facility in a neighboring state, that 
more than 20 years of flow records 
were available from recorder charts. 
Unfortunately, it was found that the 
24-hr charts had not been replaced 
daily. In fact, some of the charts were 
one massive smear of red ink as the 
pen had traced over and over the same 
areas for periods of time probably in 
excess of 6 months. The operator had 
diligently kept the pen filled through 
the years. When asked why he had 
not changed the charts each day, he 
replied that years ago he changed them 


4 
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regularly but found that he was using 
too many that he had no 
good place to store them. Incidentally, 
the drawers of his desk had a number 


charts and 


of murder mysteries, comics, and other 
valuable technical literature neatly 
filed for ready reference. 
the fault 
operator. 


In this case, was not en- 
tirely with the No one in 
the community was particularly inter- 
ested in the treatment plant 
and this poor fellow, never allowed to 


sewage 


attend a sewage works meeting, had 
not been schooled in his duties by any- 
one. After some supervision, he proved 
to be willing and industrious. In a 
sense, this loss of valuable records was 
a maintenance failure and was _ prob- 
ably as important a failure as many 
other potential defi- 


c1encles. 


maintenance 


In another instance, a digester, near- 
ing the end of its design period, sud- 
denly became difficult to manage and 
gas production dropped markedly. 
There was no source of toxic waste 
within the community and after con- 
siderable consternation, the mechanical 
mixer, though the motor and gear re- 
duction unit were operating satisfae- 
torily, was pulled. All that greeted 
the viewers frazzled, ragged 
shaft. The mixing blades had dropped 
to the bottom of the digester and, pre- 
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A new blade 
assembly and shaft returned the unit 


An- 


sumably, are still there. 


to reasonably satisfactory service. 
nual inspections of the assembly might 
have saved the trouble. 

In another instanee, a residual chlo 
rine recorder was installed in a water 
treatment plant several years ago as 
part of the new construction 
carried on at that time. There were 
no residual chlorine charts in the files, 
however. Questioning revealed that 
the apparatus had developed a defect 
about a year and a half after the plant 
had been placed into operation. 
the personnel did not believe in the 
worth of this piece of equipment, they 
had never attempted its repair. Sev- 
eral practical and legal reasons for 
maintaining the operation of such a 
device are readily apparent. 


being 


Since 


Summary 


From the consulting engineer’s 
standpoint, maintenance of recording 
apparatuses is very important insofar 
as future design bases are concerned. 
Good records always pay dividends to 
a community. From a general stand- 
point, the operator must consider his 
total responsibilities and be sure to 
give appropriate and adequate atten- 
tion to the maintenance of his treat- 
ment facility. 


F. Rapp, IR. 


Division of Sanitation, Nebraska Department of Health, Lineoln, Nebr. 


Maintenance problems of sewage 
into four 


erosion control, 


themselves 
principal groups: (a 
(b) weed 


lagoons div ide 


control, (¢c) burrowing an- 
imal control, and (d) maintenance of 
water-level control devices. 


Presented at the 8th Annual Meeting of 
the Nebraska sewage and Industrial Wastes 
Assn.; Sidney, Nebr.; Nov. 5-6, 1959, 


Erosion Control 

Erosion readily takes place on banks 
of lagoons which have not been seeded 
or where time has not permitted suffi- 
cient growth to take place. In many 
from the bottom of the 
lagoon has been used to build the banks 
around the lagoon. Subsoil does not 
contain the necessary plant food to 


areas, subsoil 
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rapidly produce a good stand of grass. 
Thus, a heavy rain will cause serious 
vully erosion. When erosion is noted, 
repairs should be made immediately. 
Diligence and minor repairs may save 
a major repair job later. At certain 
seasons of the year it is not suitable 
to seed banks; therefore, to 
prevent erosion the slopes should be 
covered with straw or hay. Where 
banks have been constructed mainly of 
subsoil, heavy application of well- 
rotted manure will help prevent ero- 
sion and in addition will help prepare 
the soil for future seeding. 


lagoon 


Weed Control 


Weed control at sewage lagoons may 
be divided into two groups: aquatic 
and terrestrial. Aquatic plants grow 
completely in the water with the roots 
either under water or in the mud along 
the Examples of such plants 
are cattail, pickerelweed, arrowhead, 
manna grass, rushes, sedges, and pond- 
weed. In addition, willow and cotton- 
wood trees present problems in some 
areas, 

With aquatic plants two kinds of 
problems are encountered. For ex- 
ample, many times a new lagoon, be- 
cause of the soil structure, is slow in 
sealing. In this ease, the lagoon instead 
of filling to the correct depth becomes 
a marshy area with or without stand- 
ing water. Such an area is an ideal 
habitat for plants such as_ rushes, 
sedges, cattails, willows, and cotton- 
wood. Unless weed control is prae- 
ticed, the area can become a mosquito 
breeding area and, in addition, can 
vive off noxious odors. These plants 
prevent filling of these areas because 
of the process of transpiration. Nor- 
mally, it is impossible to run mowing 


shore. 


machines in these wet bottoms so it is 


necessary to use a chemical control 
commercial herb- 
available for spraying 


Care should be used 


program. Several 


icides are 
aquatie plants. 
in selecting a product which will kill 
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the type of vegetation present. In 
general, triazine-type herbicides have 
proved most successful in the control 
of aquatic weeds. 

Some weeds can invade the lagoon 
from the shore; pondweed is one of the 
best known. There are many species 
of pondweed, and most of them grow 
equally well in or out of water. Pond- 
weed growing along the bank can be 
controlled by mowing and those which 


grow in the water can be controlled 
with herbicides. Cattails and sedges 


often grow on and along the shore and 
can be controlled by the same methods. 

Until a good stand of grass is devel- 
oped on the banks, terrestrial weeds 
such as sunflower, tumble weed, chick- 
weed, pigweed, thistle, ragweed, and 
cocklebur will develop. These may be 
controlled by mowing and the use of 
selective herbicides. 

Closely associated with weed control 
is the problem of mosquito control. 
Experience has shown that poorly 
maintained sewage lagoons can and do 
produce large quantities of mosquitoes. 
In Nebraska, two species of mosquitoes 
have been found in lagoons: Culex 
pipiens and Culex tarsalis. Both are 
vectors of arthropod-borne encepha- 
litis. Mosquito production oceurs in 
areas where aquatic plants are grow- 
ing or where shoreline vegetation hangs 
over into the water. In general, mos- 
quitoes are produced in areas that are 
protected from wind and wave action 
by vegetation. Control of vegetation 
along the shore line will materially 
help to reduce areas suitable for mos- 
quito breeding. In late March or early 
April, a strip 12 to 18 in. wide along 
the margin of the lagoon can be treated 
with a 
herbicide. 


pre-emergence  triazine-type 
When mowing around the 
edge of a lagoon, grass that drops in 
the water and forms floating mats must 
be removed. These floating mats are 
excellent mosquito breeding habitats. 
When mosquito larvae are found, 


insecticides must be used. Either a 
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DDT-fuel oi] solution used at the rate 
of 0.2 Ib of toxicant to the aere or 1 Ib 
of BHC (12 per cent gamma) 
should be used. 


per acre 
This material should 
be sprayed around the edges of the 


lagoon. 


Burrowing Animal Control 


In many lagoons, especially those 
located and, 
occasionally, beavers burrow into the 
animals 
are controlled, serious damage to the 
dikes can oceur. No control measures 
should be undertaken until the state 
game commission has been consulted. 
In most the 
will issue a permit to the municipality 
allowing them to control burrowing of 
fur-bearing mammals outside the legal 
During the trapping 
holding a_ trapping 


near streams, muskrats 


lagoon banks. Unless these 


cases, commission 


Fame 


trapping season. 


season, anyone 
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license can be employed to remove the 
mammals 


Maintenance of Control Devices 


Many lagoons have controls to ree 
ulate influent and effluent flow and the 
liquid level of the pond. 
should be 
gates and valves can rust or deteriorate 
devices 
always be in operating con- 


These devices 


inspected regularly; stop 


very quickly. These control 
should 
dition. 

A sewage lagoon requires relatively 
little actual operation in comparison 
with mechanical treatment 
but it still should be visited at least 
twice a week. Where lift stations are 
used in conjunction with a lagoon, they 
must be visited daily. Only by fre- 
quent visits to sewage lagoons can they 
be maintained in proper operating con- 
dition with the least amount of work. 


processes, 


PERTINENT TESTS FOR SEWAGE TREATMENT 
CONTROL * 


By W. N. WELLS 


Superintendent, Sewage Treatment Plant, San Antonio, Tex. 


and 
two schools of thought 


Whenever 
talk of testing, 
become evident. 


sewage men gather 
One school has as its 
partisans those operators who perform 
no tests at all. They sniff and look and 
make the necessary adjustments to their 
equipment, and take pride in being 
able to run their plants ‘‘by the seat 
the other school 
are their plants 
under close laboratory control, with a 
multitude of analyses being performed 
by a staff of chemists. 
attempts to reconcile these two modes 


of their pants.’’ In 


those W ho operate 


This diseussion 


of operation. 


* Presented at the Operators’ Forum of the 


32nd Annual 
Sewage and Industrial Wastes Assns.; 
Tex.; Oct. 12-15, 1959. 


Meeting of the Federation of 
Dallas, 


Reason for Testing 


It is generally accepted that some 
type of quality control is important to 
Analy- 
ses may be run for many reasons, but 
they are usually geared to the eco- 
nomics of the process: 


most manufacturing processes. 


tests are run to 
produce a better product at a lower 
cost. In sewage treatment, the objec- 
slightly different in that 
public health is one of the prime eon- 
Nevertheless, laboratory 
testing is performed for much the same 
to produce a purer effluent at 
a lower cost. 

There are hundreds of tests which 
could be performed and which at one 
time or another have been performed 
The relative importance of 


tives are 
siderations. 


reason 


on sewage. 
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any of these tests depends on several 
factors: the size of the treatment works, 
the degree to which the sewage is being 
treated, the size of the receiving stream, 
the uses to which the receiving stream 
are put, and methods of sludge han 
dling and disposal. 

Analyses of great importance to one 
operator may have little significance to 
another. If plant effluent is discharged 
to waters near bathing beaches, local 
regulations may specify that a certain 
coliform concentration not be exceeded, 
and in this case the determination of 
coliform organisms becomes very perti- 
nent to plant operation. If the ef- 
finent is chlorinated, the coliform tests 
would control the degree of chlorina- 
tion and, thus, be closely tied to the 
treatment. Another plant 
which discharges partially treated sew- 
age into a large river would have little 
or no interest in the number of coliform 
organisms present. But the operator 
of this type of plant would probably 
be interested in the formation of sludge 
banks below the plant outfall, and, 
hence, should probably test frequently 
for the amount of settleable solids in 
his effluent and in the raw sewage to 


of 


be sure that his plant is performing the 
task for which it was designed. 

In general, the simpler the treat- 
ment process and larger the receiving 
stream, the fewer the tests which need 
to be performed. 


Common Tests 


The operator of a small, primary 
treatment plant consisting of an In- 
hoff tank: and sludge drying beds can 
operate with scarcely any testing. But 
in order for him to show that his plant 
is performing in a satisfactory manner, 
he should, as a minimum, perform set- 
tling tests on the raw and settled sew- 
age. An occasional colorimetric pH 
determination of raw sewage and di- 


gesting sludge would quickly indicate 
any 


abnormal condition. For the 
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small plant operator, the relative sta- 
bility test, performed on the plant 
effluent, is probably the best and sim- 
plest test of effluent quality. An ocea- 
sional BOD determination by a com- 
mereial laboratory or health depart- 
ment laboratory should be made to 
confirm the results of the stability tests. 

There is nothing magic about ana- 
lytical work, and more important than 
the analysis itself is the interpretation 
of the result. The imaginative use of 
the results of a few simple tests far 
outweighs the value of the results of 
a thousand exact analyses which are 
filed away and forgotten. 

As a plant becomes larger, more and 
varied tests become pertinent. The 
addition of a trickling filter and final 
sedimentation tanks to the primary- 
type plant means that a higher quality 
effluent is desired. Dissolved oxygen 
determinations should now be added 
to the list of tests, both for the effluent 
and for the stream above and below 
the plant outfall. Interest might also 
the quality of digested 
sludge; this would involve the deter- 
mination of total and volatile solids on 
digested sludge and probably on the 
sludge entering the digesters. 
the large activated 
sludge plant, pertinent analyses should 
be extended still further to inelude 
the determination of suspended solids 
in raw sewage and treated effluent, 
suspended solids and settleable solids 
in the mixed liquor (to ecaleulate the 
sludge index), ammonia, nitrite, and 
nitrate nitrogen, and, of course, bio- 
chemical oxygen demand. While not 
strictly a control test, the BOD is a 
measure of over-all operation. Dis- 
solved oxygen tests of the mixed liquor 
are performed to control the quantity 
of air used. If chlorination of the 
final effluent is practiced, residual chlo- 
rine tests are important to control the 
amount of chlorine added. If clogging 
of air diffusers is a problem, the test- 


center on 


Proceeding to 
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ing of the amount of dust in the air 
becomes important. 

If vacuum filtration of the sludge is 
practiced, tests on the chemicals used 
to condition the sludge are necessary. 
Many plants sell dried sludge as a 
fertilizer base, and to those plant op- 
erators, the analysis of the sludge for 
and, perhaps, 
their 


nitrogen, phosphates, 


potassium constitute most im- 


portant tests. 


WPCF 


June 1960 


Summary 

There are many analyses performed 
in sewage treatment plant laboratories 
for purposes of plant eontrol. The 
most pertinent tests are those which 
used 
indi- 
cate the quality of performance. The 
interpretation of the result of a test 
is more important than the analysis 
itself. 


produce information that can be 
to control costs of operation or 


CAMERA INSPECTION OF SEWERS * 


V. L. 


PACKARD 


Director of Publie Utilities, Niagara Falls, N. 


Niagara Falls is laid out in the shape 
of a large L with the bottom of the 
L paralleling the upper Niagara River, 
the second leg paralleling the lower 
Niagara River, and the apex of the L 
located at Niagara Falls. Starting with 
the lower Niagara River and running 
parallel to it, the streets are numbered 
from 1, in an easterly direction, to 102, 
which is located at the boundary of 
Niagara Falls and the town of Wheat- 
field. All of the numbered streets run, 
more or less, north and south. The 
older part of the city, west of 56th St. 
and between the upper Niagara River 
and the north city boundary, is served 
by a sewer system. The 
newer portion, east of 56th St., has 
separate storm and sanitary facilities. 

Running parallel with the upper 
river and approximately one-half mile 
north of it, is a large sewer tunnel. 
This tunnel is located in bedrock, and 
it varies in depth from about 30 ft 
below the surface in the vicinity of 
56th St. to nearly 100 ft below the 
surface as it approaches Ist St. and 
the lower Niagara River interceptor. 
The tunnel was constructed between 


combined 


* Presented at the Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1960. 


the years 1590-1925, 
sections 
River. 

For the past several years there has 
been an indication of a partial stop- 
page in the lower portions of this tun- 
nel in the area of 19th St. This was 
made evident by the differences in the 
elevations of the flow lines at several 
of the shaft manholes. The unlined 
rock tunnel in the 19th St. area has a 
cross-section roughly 9 ft wide and 7 
ft high. As the tunnel approaches 
56th St., its eross-section reduces to 
one approximately 7 ft wide and 5 ft 
high. To further complicate the prob- 
lem, the velocity of flow in this tunnel 
varies from 5 to 10 fps. In the vicinity 
of 19th St. the estimated average daily 
flow is about 60 mil gal. 


with the older 


nearer the lower Niagara 


Inspection 


The first approach to the problem 
of inspecting the tunnel was to contact 
some of the better known rock-tunnel 
contractors; they recommended a by- 
pass tunnel without offering any means 
or suggestions for inspection of the 


existing facility. Early in 1958, in- 
formation was received about a firm 
engaged in the business of photograph- 
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ing municipal sewers. It was claimed 
that either black and white or color 
pictures for each five feet of sewer 
could be provided, and, further, that 
each picture could be referenced to an 
exact location on the surface of the 
ground. Correspondence was initiated 
between the firm and the city to de- 
termine whether a camera inspection 
could be made of the tunnel. The re- 
sult of this correspondence was an 
agreement promising satisfactory black 
and white prints for each 5 ft of sewer 
inspected at a price of 50¢/ft. 

Late in 1958, the photographer ar- 
rived in Niagara Falls. The equipment 
consisted basically of a winch equipped 
with a 14-in. steel cable and a pontoon- 
mounted, press-type camera encased in 
a waterproof metal box equipped with 
a plastic windshield and spray visor. 
A floodlight was mounted on each side 
of the camera, the camera being tripped 
by a manual plunger connected to the 
camera by a waterproof cable. The 
cable was fed from the same winch 
that fed the metal tag line. 


54-in. Sewer 


At the time of the photographer’s 
arrival, a cave-in oceurred in a 54-in. 
sewer under some railroad tracks. 
This sewer handles industrial wastes 
from three major industries and has a 
constant flow equal to 70 per cent of 
its capacity. No facilities for bypass- 
ing the flow were available. Facing 
this situation, the photographer was 
asked to make an immediate inspection 
of the broken sewer. The results of 
this inspection were unsatisfactory. 
The floodlights used would not pene- 
trate the industrial fumes which were 
in the sewer immediately above the 
flow line. Also, it was difficult to keep 
the lens and windshield of the equip- 
ment from ‘‘fogging,’’ although this 
condition was partially overcome by 
suspending the equipment in the man- 
hole above the flow line for several 
hours before beginning the run. 

The photographic firm became dis- 
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couraged and withdrew until spring. 
A diver was then hired to investigate 
conditions surrounding the cave-in at 
the railroad tracks; emergency repairs 
were made and activity stopped for 
the winter. 


60-in. Sewer 


In April, the photographer re- 
turned * and a program was laid out 
to inspect about 5,000 ft of a 60-in. 
sewer that emptied into the tunnel de- 
scribed earlier. This particular sewer 
is about 20 ft below the surface of the 
street. A portion of it is in bedrock. 

In this attempt, successful pictures 
were taken at 5-ft intervals (Figure 
1). The photographs revealed an area 
of structural failure about 150 ft long. 

Unfortunately, it was still impos- 
sible to photograph the tunnel at this 
time for two reasons: 


1. The photographer did not have 
cables long enough to reach between 
manholes (1,200 to 1,500 ft). 

2. Inflowing sewage from shallow 
surface sewers dumps into shaft man- 
holes and this falling sewage would 
damage camera equipment. It is now 
proposed to overcome this problem by 
having a diver carry the camera to the 
tunnel flow line. 


A diver has been in two of these 
shafts, and he judged that in the two 
or three places of entry, the sewage 
flow was not too swift for him to walk 
against. The flow was about 4 ft deep 
at points where his inspections were 
made. 

The city purchased a standard 35- 
mm camera with flash attachments and 
Strobe light facilities and re-entered 
the 60-in. sewer for further testing of 
the camera technique. In this case, 
the sewer was entered, and gas cur- 
tains, exhaust stacks, and gas exposure 
meters were used for personnel safety. 

* As an aside, the photographer also eame 
equipped with a closed-circuit TV camera 
and sereen. This technique was tested on a 


54-in. sewer, but satisfactory results were 
not obtained. 
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FIGURE 1.—Inside of 60-in. sewer. 
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In the background is a manhole ladder 


projecting below the crown of the sewer. 


Black and white film and color film 
were tried. It was found that by tak- 
ing three pictures at each 10 ft inter- 
val, excellent photographie 
could be established. One exposure 
was taken looking down the center line 
of the sewer; the second was taken to 
the left and the third to the right of 
the center line, at angles approximat- 
ing 45 deg. 

It so happened that the 60-in. sewer 
is located parallel to and approxi- 
mately 1,500 ft west of deep open-cut 
excavations with the State 
Power Authority’s hydro-electric proj- 
ect. Their twin open cuts are roughly 
60 ft wide by 


records 


connected 


100 ft deep, running 


from south to north for the purposes of 
taking water from the upper Niagara 


River. The testing of the photo- 


graphie equipment, incidentally, re- 
vealed a further structural failure in 
another area roughly 550 ft long. 

Sometimes the failure occurred on 
both sides of the sewer and at other 
times it was on one side only. In 
almost rupture 
located approximately half-way be- 
tween the spring line and the invert 
rather than at the spring line, where 
failure normally would be expected. 
The failure 
hit-or-miss fashion, failing in an area 
30 to 40 ft along the center line, then 
skipping for many feet before failure 
again took place. 

Evidence is accumulating which indi 
cates that the open-cut construction by 
the State Power Authority is causing 
a lateral movement of some of the rock 


every case the was 


occurred more or less in 
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formations underlying the city of Ni- 
agara Falls. This lateral movement 
has been in the order of from 2 to 4 
in. By plotting the locations of sewer 
failure on the plan and profile of the 
60-in. sewer, it was discovered that the 
areas of failure are those where the 
sewer is in rock and that the portions 
of the sewer which are still sound are 
in areas above the rock. This fact, of 
course, has no bearing on the subject 
of photographie inspection of sewers, 
but it illustrates very dramatically the 
value to a city of such inspection. In 
this case, the 60-in. sewer which is 


failing represents a capital investment 
of about one-half million dollars. 


Superintendents and plant operators 
are constantly on the lookout for ways 
and means to cut operation and main- 
tenance costs. When metal slides on 
metal, replacement parts quite often 
are expensive, especially in the grit 
collectors where the abrasive action of 
sand is excessive. 

In the past, the wearing shoes of 
the grit collector at the South River 
sewage treatment plant were replaced 
about every six months. Cost-wise 
this amounted to an annual expendi- 
ture of about $323 for shoes alone. 

During World War II, when metal 
shoes became impossible to obtain, rub- 
ber from old automobile tires was sub- 
stituted. The tires were cut into shoes 
shaped to fit the shoe holder. Holes 
were countersunk in the rubber and 
the shoe holders were drilled and 
tapped to hold the shoes in place. 
Quite often, though, a serew would 
work loose or break, or the head and 


RUBBER WEARING SHOES FOR GRIT 
COLLECTORS 


By Lreonarp E. WALLER 


Superintendent, South River Plant, Atlanta, Ga. 
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New Sewers 


By using a small dolly equipped 
with wheels instead of metal floats, a 
camera can be pulled through a new 
sewer prior to acceptance by the city 
of a econtractor’s work. 


Conclusions 


The city is purchasing, after evalua- 
tion, new and improved cameras, and 
building and testing new types of pon- 
toons, winches, floodlights, and flash 
equipment. It is hoped that within a 
two-year period a systematic program 
ean be established for inspecting ex- 
isting sewers, now approximating 250 
miles, and all new installations. 


holding washer would wear out and 
result in the rubber pulling away from 
the shoe holder. Sooner or later the 
shoe had to be disearded. 

After the war, metal shoes were used 


FIGURE 1.—Metal shoe is on left side and 
rubber-bonded shoe is on right. 


; 
; 


again. Also after the war, the process 
of bonding brake linings to shoes with- 
out using rivets became standard 
practice with some manufacturers. 
With this thought in mind, a major 
tire recapper was asked whether he 
could bond rubber to metal. The eom- 
pany agreed to process several shoes 
(Figure 1) for experimental purposes. 
These shoes were installed on one grit 
collector and used for six months. In- 
spection at the end of this time indi- 
cated that further experimentation was 
in order, and enough shoes were proc- 
essed to completely outfit one collector. 
This collector was operated simul- 
taneously with a second collector 
equipped with metal shoes. By the 
time two sets of metal shoes were com- 
pletely worn out, there were still no 


By 


Four fixed-cover, circular digestion 
tanks were built at Toronto in 1950. 
Each is 100 ft in diam with a 30 ft 
sidewall and a 12.5-ft deep center cone. 
They are heated by cireulating hot 
water through coils suspended on the 
sides. Raw sludge can be fed halfway 
up the tank at two points. Digesting 
sludge can be circulated at the rate of 
600 gpm and discharged through noz- 
zles above the surface inside the tank, 
supposedly to break up any seum 
blanket that might form at the top of 
the tank. 


Scum Blanket 


Soon after the tanks were placed in 
operation a sludge blanket formed in 
* Presented at the 32nd Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 


DIGESTION TANK MAINTENANCE * 


DonaLp P. Scorr 


Deputy Commissioner of Works, Municipality of Metropolitan Toronto, Ontario 
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visible signs of wear on the rubber 
shoes or metal track of the first eol- 
lector. 

The rubber-bonded shoes were first 
placed in operation during Jan. 1957, 
and at the end of 1959, there was very 
little wear, either of the rubber or 
the track. The price of metal shoes 
at the time of purchase was 72¢ per 
shoe and the cost of bonding 14-in. rub- 
ber to the shoes amounted to $1.50 per 
shoe. Annual cost of replacing the 
metal shoes amounted to $323, while 
the initial cost of bonding rubber to 
the metal shoes amounted to $336. 
Savings to date, however, amount to 
$309. The rubber shows no measurable 
wear at this date and it seems safe to 
predict that it will last at least two 
years longer. 


spite of continual recirculation. After 
two years, the blankets were from 12 
to 18 ft thick. The blanket material 
seemed to develop at the rate of at 
least 6 in./month in each tank, and it 
often was solid enough to stand on. 
The reason for the rapid development 
of the scum blanket is not clear. But 
there is little doubt that the rather 
strong incoming sewage, averaging 250 
mg/l suspended solids and 250 mg/I 
BOD, is a major factor. The sewage 
contains 100 mg/l of grease, a por- 
tion of which is not digestible, and a 
large amount of paunch manure and 
hair. An analysis of the seum mate 
rial shows it to be 65 per cent volatile 
with 23 per cent fibrous substances 
and 30 per cent grease, of which 65 per 
cent is unsaponifiable. The seum ma- 
terial itself has a specifie gravity of 


a 
ite 
ae 
= Hf 
; 
i 
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1.03, but as a scum blanket its specific 
gravity is from 0.85 to 0.90. 

Blanket material which floats, say, 
10 per cent above the liquid level in a 
4-ft thick blanket would project only 
about 5 in. above the liquid, generally 
presenting no problem. With an 1s- 
ft blanket, however, it will project 
21 in. above the liquid level, and in a 
tank that was designed to provide only 
an &-in. clearance from the top of the 
liquid to the underside of the roof 
(when the tank is not under gas pres- 
the problem is obvious. The 
overfiow arrangement could not be 
used beeause the liquid level had to be 
kept low enough to prevent the blanket 
material from coming in contact with 
the roof. ‘To make matters worse, the 
blanket material was so deep that it 
often blocked other drawoff lines. Any 
movement of the blanket upwards 
would damage the reinforced conerete 
roof, possibly lifting the roof off the 
twelve supporting columns, or lifting 
the column and breaking it at some 
point between the roof and the bottom 
of the tank. Conversely, any move- 
ment downward or around the tank 
would break suspended pipes. 


sure), 


On one occasion, during a normal 
inspection, the operator found the nor- 
mally flat conerete roof of one di- 
gester humped in the center to a height 
of 3 ft. The gas dome and other equip- 
ment, of course, raised conse- 
quently. It is noteworthy that no 
sludge had been pumped into the tank 
for a period of 4 hr prior to this phe- 
nomenon. The tank was not under gas 
pressure at the time and some of the 
manholes on When 
sludge was being pumped, a continuous 
maintained to insure that 
an equal volume was being drawn out 
of the tank. 

During certain seasons, the blanket 
suddenly became 
quantities of gas developed, often as 
minute bubbles distributed within the 
whole blanket. Frequently, these gases 
were entrained until the blanket lifted. 


were 


top were open. 


check was 


very active; large 
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As the activity continued the blanket 
became soft, and, apparently, consid- 
erable digestion took place because 
large quantities of gas were released. 
During this period, it was possible to 
draw off and filter some of the blanket 
material through a 12-in. emergency 
compensating line. But after four or 
five days, the blanket suddenly hard- 
ened and nothing more could be done 
to remove it. 

Since approximately one-half the di- 
gestion capacity was taken up with the 
blanket, it was practically impossible 
to remove one tank from service with- 
out overloading the other three and 
causing them to go sour. As a matter 
of fact, it was only because digestion, 
apart from the blankets, was very good 
and seemed more rapid than normal 
that operation was at all possible. Al- 
though accurate caleulation was dif- 
ficult, it was estimated that digestion 
took place in about 20 days. 


Scum Destruction 


The other factor that permitted di- 
gester operation to continue was the 
discovery that softening of the blanket 
could be induced by introducing com- 
pressed air through a 2-in. flushing line 
at the center of the tank at the bottom 
of the cone. An air flow of 600-cfm 
was required to break up the blanket 
and mix the contents of the tank. 
After 24 to 48 hr of agitation, the 
blanket became soft and remained so 
for three or four days; during this 
time it could be drawn off. This soft- 
ening reaction appeared to be supple- 
mentary to the physical destruction of 
the blanket beeause when it was just 
broken up the blanket re-formed and 
hardened within a few hours after 
agitation stopped. 

An experiment was tried using a 
proprietary process of gas recireula- 
tion. With gas cireulation of 75 efm, 
the rate of blanket formation was re- 
dueed slightly, and its growth was 
further reduced with the use of 150 
cfm, but not halted. 


a 


Scum Blanket Removal 


Even after one tank was taken out 
of service, there was the almost hope- 


less task of removing the blanket. The 
only openings were four 2-ft diam 
manholes on top of the digester. The 


enormity of the job is bespoken by 
stating that an 18-ft blanket is equal 
to 5,250 cu yd of material. 
ine and back-flushing, 
to pump out the tank to somewhere 
near the top of the cone. Then men 
were able to enter the tank and break 
up the blanket with a hose. This was 
a very slow, unpleasant, difficult proe- 
To break up the blanket to the 
place where it could be 


By pump- 
it was possible 


CSS. 
handled by a 
centrifugal drawoff pump took a long 
time. Later, the pumping time was 
reduced by using, temporarily, a pis 
ton-type displacement pump. On sev- 
eral oceasions, it to in 
stall a erib around the suction pipe to 
keep the sand and unbroken blanket 
material from moving in and bloeking 


the suction. 


Was necessary 


New Tanks 


During the period 1956 ot: as part 


of the plant enlargement, four new 
digestion tanks were constructed to 
serve as primary digesters. These 
tanks are heated by circulating the 
slidge through heat exchangers. No 


pipes except the four gas-recirculation 
lines installed the tanks. 
The tanks are equipped with gas re- 
circulation equipment which will per- 
mit a much volume of 
be recirculated than normally reeom- 


are inside 


larger gas to 
mended; four 300-efm gas compressors 
were installed By 


pressor per 


using one com- 


tank, the scum blanket is 
controlled, but it 
very rapidly the 
stopped. In four hours 
foot thiek will 
ean be broken up again soon after the 
started The 


effectively re-forms 


when compressor iS 
a blanket one 
develop, however, it 


compressor is control 
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building for the new tanks is equipped 
with a triplex piston pump of 360-gpm 
capacity to removing the 
heavy material from the bottom of the 
tanks. Another the new 
tanks is the provision of a 30-in. diam 
marine hateh in the 


aceess to the digester 


assist in 
feature of 
sidewall, giving 
the 
ment of the control building at a point 
just above the top of the cone. This 
greatly facilitates servicing the diges- 
tion tank. 


from base- 


Cleaning Schedule 

A poliey of cleaning each digestion 
tank after 24 months’ operation is now 
in effect. Seum blanket material about 
4 ft thick, which collects as soon as the 
gas recirculation is stopped and during 
the time the tank is pumped down, is 
hosed to the outlet, 
filtered. The sand, 
under the inlet and around the edges 
of the tank, is hosed to the bottom of 
the cone and pumped to a lagoon. 


and 


eollects 


removed, 
which 


At present, two of the new digesters 
are being used as primary tanks and 
two of the old tanks as seeondary units. 
The other old tanks 
cleaned the damage to 
and eolumns has been assessed 
have eut from the control 
building into the tanks just above the 
top of the cone and marine hatches, 
similar to those in the new tanks, are 
being installed. Steel scaffolding has 
been erected to support the roof and 


two have been 
the roof 


Open 


and 


ings been 


columns and to provide access to areas 
under repair. Damaged conerete mem 
bers are being removed, columns jaeked 
into place, reinforcing replaced, and 
The 


sand 


dowels installed where necessary. 
the 
blasted and damaged sections are be- 
ing rehabilitated. A 6- by 6-in. wire 
mesh will be attached to the underside 
of the roof and covered with gunite. 
A neoprene will be 
later to the 


underside of roof is being 


coating 
that 


apphed 


insure roof is 


tight. 


> 

nie 


TIPS AND QUIPS 


TIPS AND QUIPS 


Proclamation ter and wastewater personnel and it is 
There is no question about the ability excellent meeting publicity. Poe 
of the Arizona Sewage and Water Is it true that Barnum and Bailey’s 


Works Association when it comes down former advance — a a member of 
to getting ready for an annual meet- the Arizona Association ! 


ing. 
Shown below is a proclamation by Fish Kills 
Governor Fannin setting aside the Thanks to the cooperative efforts of 


week of April 24 as WATER WORKS - sportsmen, fish wardens, sanitary engi- 
AND WATER POLLUTION CON- _ neers, and others in Pennsylvania, fish 
TROL WEEK. kills now are being tracked more sue- 


LAMATION 
Tan POLLUTION CONTROL WEEK 
se eee 


tient publ water supply and safe and controlled disposal 
f wante « ential to the health and welfare of our citizens; and 


, adequate water dietribution ana waste coilection are essential, 
t f and economic life of our State, and it ie in the 
t re water works and waste collection developments 


, the Arisona Section of the Amprican Water Works Association and 
tion Control Federation, through many persons of sanagenent 

a tect pacity, are constantly extending efforts towards water 
pervat ic rovement of water works operation and disposal of polluted 


2, 1, Pewl J. Panmin, Governor, do hereby procleim the week 
wenty-fourth through April thirtieth, 190, as 


WATER WORKS AND WATER POLLUTION CONTROL WEEK 


ne, and ure our citizens to join in paying tribute to our water 
» tot e entrusted with water pollution contrel, and other 
i personnel for contributing so much to the life and well-being 


r “tate. 


IN WITNESS WHEREOF, I have 
hereunto set my hand and 
caused the Great Seal of 
the State of Arizona to be 
affixed at Phoenix, the 
Capital, this fifteenth day 
of Merch, in the year of 
Our Lord, One Thousand Wine 
Hundred and sixty. 


In our way of thinking, the procla- cessfully. In 81 kills reported between 
mation is a double-barrel weapon, for Sept. 1958 and Sept. 1959, pollution 
it emphasizes the contributions of wa- causes were determined in 64 cases; in 
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the preceding year, the causes for 40 
of the 56 kills were found. 

Heavy rainfalls on acid watersheds, 
industry spills, pond turnovers, ete., 
accounted for the 104 kills. 
-ayments to the fish fund were re- 
ceived from 


some of 


57 alleged polluters. 
Fewer fish were reported killed dur- 
ing the year ending with Sept. 1959 
than during the preceding 12 months 
(603,800 vs. 1,158,500). 


Miami’s Uniforms 


As a trial effort in improving per- 
sonal sanitation on the job and _ re- 
lieving employees’ families from the 
potential health hazard of sewage- 
soiled clothing, funds were included in 
the 1959-60 budget to provide uni- 
forms about 70 per cent of the 
employees who operate and maintain 
the Miami treatment plant. 
Only those employees work 
places them in direct contact with sew- 
age have included in this 


for 


sewage 
whose 
been pro- 
gram. 

Cost studies were made to compare 
the ownership plan with the rental 
plan. The latter appeared to be the 
better buy and a contract was let to 
furnish, launder, and maintain uni- 
forms for 54 employees. The work 
classifications covered by the trial plan 
are plant operators, mechanics, paint- 
ers, electricians, grounds maintenance, 
and laborers. 

Under the terms of the service econ- 
tract, each man is furnished four new 
outfits at the start of the program. 
After six months, if the contract is 
extended, each person may 
three which 
service for new ones. All uniforms are 
individually fitted They are to be 
maintained in good condition by the 
supplier during the normal life of the 
garment. 


exchange 


uniforms have been in 
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The selection of colors was left to 


the 


groups. 


choice of the work elassifieation 
The plant operators and 
painters chose white uniforms, and the 
mechanics the The 
words and 


outfits. 
Water 


green 


‘*Department of 


Miami’s Finest. 


Sewers, City of Miami’’—are lettered 
in seript above the left shirt pocket, 


and the individual’s name above the 
right pocket. 
Each man may have as many as 


three changes each week. Soiled gar- 
ments are collected and the clean ones 
delivered twiee a The cost is 


$2.25 per person per week for the num- 


week. 


ber of individuals eovered under the 

contract. The annual total cost to the 

department will be about $6,000. 
Plant supervisory personnel have 


noted a marked improvement in gen- 
eral work attitude and morale of the 
respective groups since the uniforms 
were furnished, 


Na 
4 — : 
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W. MOHLMAN 


It is with great sadness that we 
record the passing of Advisory Editor 
Floyd W. Mohlman, in Pacifie Pal- 
isades, Calif., on May 2. Dr. Mohlman 
had suffered frequent illnesses during 
the last several years. 

It is unlikely that his productive 
achievements the Federation will 
ever be exceeded by another. As first 
Editor of the SEWAGE WORKS 
JOURNAL from 1928 to 1943, he gave 
his time voluntarily and without com- 
pensation. This work was in addition 
to his regular duties as chemist for the 
Chicago Sanitary District (now the 
Metropolitan Sanitary District of 
Greater Chicago). He was frequently 
sought as a special consultant on spe- 
cial industrial wastes treatment prob- 
lems. 

In recognition of his outstanding 


for 


service in the wastewater field, he was 
made the first recipient of the Charles 
Alvin Emerson Medal. 

Dr. Mohlman was born in Beards- 
town, Ill, March 6, 1890. He was 
educated at the University of Illinois, 
receiving the degree of Doctor of Phi- 
losophy in 1916. Prior to becoming 
chief chemist of the Chicago Sanitary 
District, he was a chemist for the Illi- 
nois State Water Survey and the New 
Haven Experiment Station of the Con- 
necticut Department of Health. 

Dr. Mohlman also served, sueces- 
sively, as adjunct professor of sanitary 
chemistry, Armour Institute of Tech- 
nology, 1939; subcommittee chairman, 
National Research Council, 1944-45; 
lecturer, International Society of Lim- 
nology, Switzerland, 1948; lecturer, 
Society of Chemical Industry, Eng- 
land, 1951; consultant, World Health 
Organization, Switzerland, 1952. 

H[e was an Honorary Member of the 
Federation and a member of the Amer- 
ican Chemical Society, American Insti- 
tute of Chemical Engineers, American 
Water Works Association, American 
Public Health Association, Sigma Xi, 
Kappa Sigma, Alpha Chi Sigma, Phi 
Lambda Upsilon, and the University 
Club. 

Dr. Mohlman is survived by his wife, 
the former Mary Franklin Savage, and 
three sons, William, Robert, and David. 

The Federation is appreciative for 
Dr. Mohlman’s great assistance during 
a most important part of its existence, 
and expresses deepest sympathy to his 
bereaved family on the occasion of his 
death. 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


The firm of Freese, Nichols, Turner, 
and Collie has changed its name to Turner 
and Collie Consulting Engineers, Inc. 
They are located at 2111 C & I Life Bldg... 
Houston, Tex. 

Clarence E. (Pat) Harness, deputy 
manager of public works and city engineer 
of Denver, Colo., died unexpected] on Apr. 
17, 1960. Mr. Harness was a former See 
retary-Treasurer of the Rocky Mountain 
Sewage and Industrial Wastes Association. 

Engineering enrollment has dropped for 
the second consecutive yeal according to 
figures compiled by the American Society 
for Engineering Edueation and the Office 
of Edueation. The total number of stu 
dents enrolled for first degrees in 1957 was 
257,777; for 1958, 249,950; and for 1959, 
240,063. 

Howard A. Biggs has left the position 
of chief sewer engineer for the city of Fort 
Wayne, Ind., to form the firm of Howard 
A. Biggs « Associates. 

Gordon L. Burt has joined the firm of 
Metropolitan Engineers, Seattle, Wash., 
as project engineer. 

E. Sherman Chase, partner in the firm 
ot Metcalf & Eddy, Boston, Mass., has re- 
tired from active practice. Mr. Chase is a 
Past-President of the Federation 
honorary men 

Carl D. Gross, principal sanitary engi- 
neer, Illinois Department of Health, Spring- 
field, died recently, 


and an 


James E. Frook has succeeded Federa- 
tion Treasurer, Arthur H. Niles as com- 
missioner of Toledo, 
Ohio. Mr. Frook formerly served as chief 
chemist in Toledo. 

William D. Anderson has been named 
product manager of the small unit treat- 
ment equipment for the Chi- 
cago Pump Co. Mr. Anderson formerly 
was general manager of Sanitation District 
No. 1 of Can pbell and Kenton Counties, 
Ky. lle sueceeds Paul Thayer who 
devote full time to special problems. 

Alfred C. Leonard is now a partner in 
the firm of Malcolm Pirnie Engineers, 
New York, N. Y. 

James .. Harding, commissioner of the 
Westchester County Department of Publie 
Works, White Plains, N. Y 
pointed by Governol Ro kefeller to the 
New York Water Resources Planning Com- 
mission. 


sewage disposal in 


processing 


will 


. Nas been ap 


Harvey O. Banks, director of the Cali 
fornia Water Department, has 
named chairman of the Interstate 
Water This or 


vanization comprises state officials responsi- 


Resources 
heen 
Conference on Problems. 
ble for water resources activities. 

Ralph Parshall, internationally known 
water authority, died during December 
1959. He is possibly best known for his 
development of the Parshall flume. 

The first issue of a new monthly tech 
nical publication giving levels of radioae 
tivity in the environment is available. Data 
ou the radiation levels in air, water, and 
milk constitute the bulk of the first issue. 
Entitled “Radiation Health Data,” the new 
publication is prepared by the Publie 
Health Service and may be purchased from 
the Office of Technical Depart- 
ment of Commerce. 

Spaulding A. Norris has been appointed 
vice-president in charge of sales and elected 
to the board of directors of Yeomans 
Brothers Company. 

Fritz F. Tentschert is now the 
manager of the waste treatment equip 
ment division of the Ralph B. Carter Co. 

In 1956 a Northeastern 
mittee was organized for the purpose of 
implementing the New England-New York 
Inter-Agency Committee (NENYIAC) Re 


Services, 


sales 


Resourees Com 


port and coordinating the development ol 


the resources of the area. This committee 


is composed of a representative of each ot 
the six New E: states repre 
sentative of the following federal depart 
ments: Agriculture, Army, Commerce, Fed 
eral Power Health, Eduea 
tion, and We Interior, and Labor. 
It was proposed that a compact should be 
entered into for the ereation of a 
nent Northeastern Commission. 
The commission’s principal function would 
be to coordinate and promote resource de 
velopment. Compact legislation was intro 
duced into the 1959 legislatures of the New 
Kngland states. Connecticut. Rhods 
New Hampsh re, and 
proved the compact. In Maine the compact 
was referred to a Special Study Commis 
It is anticipated that the compact 
legislation will be Ver 


eland and a 


ommussion, 


ilare, 


pel 


» 
Resources 


Island, 
Massachusetts ap 


introduced into 
mont’s next legislative session. 

The compact 18 unique in that it creates 
a joint commission of the federal agencies 
and the states to formulate land resources 
of New England. The compact has been 


submitted to Congress for approval. 
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of STATES 
Alabama 


Alaska 


Arizona 


Arkansas 


California 


Colorado 


Connecticut 


Delaware 


District of 
Columbia 


Florida 


Georgia 


Hawaii 


WATER POLLUTION CONTROL AGENCIES 


STATE or GROUP 


AGENCY AND ADDRESS 


Water Improvement Commission 


State Office Building 

Montgomery 4, Ala. 

Division of Health 

Department of Health and 
Welfare 

Alaska Office Building 

Juneau, Alaska 


State Department of Health 
Phoenix, Ariz. 


State Water Pollution Control 
Commission 

921 West Markham 

Little Roek, Ark. 

State Water Pollution Control 
Board 

{00m 316, 1227 Street 

Sacramento 14, Calif. 

State Department of Public 
Health 

State Office Building 

Denver 2, Colo. 

Water Resources Commission 

State Office Building 

165 Capitol Avenue 

Hartford 15, Conn. 

State Water Pollution 
Commission 

State House Annex 

Governor’s Avenue and 
Division St. 

Dover, Del. 

District of Columbia Depart- 
ment of Public Health 

Washington 1, D. C. 

State Board of Health 

1217 Pear] Street 

Jacksonville 1, Fla. 

Georgia Dept. of Public Health 

State Office Building 

Atlanta 3, Ga. 

Territorial Board of Health 

Kapuaiwa Building 

P. O. Box 3378 

Honolulu 1, Hawaii 


675 


OFFICIAL AND TITLE 
A. N. Beck 


Technical Secretary 


Il. V. Gibson, M.D. 
Director 


Clarence G. Salsbury, 
M.D. 

Commissioner of Public 
Health 

Glen T. Kellogg 

Technical Secretary 


Paul R. Bonderson 
Executive Officer 


R. L. Cleere, M.D. 


William S. Wise 
Director 


Donald Kk. Harmeson 
Executive Officer 


William H. Cary, Jr. 
Chief, Food and Public 
Health Engineering 
Wilson T. Sowder, M.D. 

State Health Officer 


John H. Venable, M.D. 
Director 


Richard k. C. Lee, M.D. 


President 
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STATE or GROUP 
of STATES 


Idaho 


Illinois 


Indiana 


Kansas 


Kentucky 


Louisiana 


Maryland 


Massachusetts 


Michigan 


Minnesota 
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AGENCY AND ADDRESS 


Idaho Department of Health 
Statehouse 

Boise, Idaho 

State Sanitary Water Board 
State Office Building 

100 South Spring Street 
Springfield, Il. 


Stream Pollution Control Board 
Department of Health 

1330 West Michigan Street 
Indianapolis 7, Ind. 


State Department of Health 
State Office Building 
Des Moines 19, lowa 


State Board of Health 
Topeka, Kans. 


Water Pollution Control 
Commission 

620 South 3rd Street 

Louisville 2, Ky. 


Stream Control Commission 
Box 9055, University Station 
Baton Rouge 3, La. 


Water Improvement 
Commission 

c/o Dept. of Health and Welfare 

State House 

Augusta, Me. 


State Department of Health 
State Office Building 

301 W. Preston Street 
Baltimore 1, Md. 


Massachusetts Department of 
Publie Health 

546 State House 

Joston 33, Mass. 


Water Resources Commission 
Station B 

300 Michigan 

Lansing 13, Mich. 


Water Pollution Control 
Commission 

State Department of Health 
Bldg. 

Campus, University of Minnesota 

Minneapolis 14, Minn. 
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State Commissioner of 
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Executive Secretary 
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Kenneth E. Biglane 
Executive Secretary 
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Secretary 
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Bureau of Environmental 
Hygiene 
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Milton P. Adams 


Executive Secretary 


R. N. Barr, M.D. 


Secretary 
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STATE or GROUP 
of STATES 


Mississippi 


Missouri 


Montana 


Nebraska 


Nevada 


New Hampshire 


New Jersey 


New Mexico 


New York 


North Carolina 


North Dakota 


Ohio 


Oklahoma 


Oregon 


WATER POLLUTION CONTROL AGENCIES 


AGENCY AND ADDRESS 


State Board of Health 

Felix J. Underwood State Board 
of Health Building 

P. O. Box 1700 

Jackson 5, Miss. 


State Water Pollution Board 
Jefferson City, Mo. 


State Board of Health 
Laboratory Building 
Helena, Mont. 


Department of Health 
State Capitol Building 
Lincoln 9, Nebr. 


State Department of Health 
755 Ryland Street 
Reno, Nev. 


Water Pollution Commission 
61 So. Spring Street 
Concord, N. H. 


State Department of Health 
129 E. Hanover Street 
Trenton 25, N. J. 


State Department of Public 
Health 
Santa Fe, N. Mex. 


State Department of Health 
84 Holland Avenue 
Albany 8, N. Y. 


State Stream Sanitation 
Committee 

Department of Water Resources 

North MeDowell Street 

Raleigh, N. C. 


State Department of Health 
Capitol Building 

Bismarck, N. Dak. 

Water Pollution Control Board 
101 N. High St. 

Columbus 15, Ohio 


State Depantment of Health 
3400 North Eastern 
Oklahoma City 5, Okla. 
State Board of Health 


1400 58. W. 5th Avenue 
Portland 1, Ore. 
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OFFICIAL AND TITLE 
A. L. Gray, M.D. 
Secretary and Executive 
Officer 


J. K. Smith 

Executive Secretary 

G. D. Carlyle Thompson, 
M.D. 

Executive Officer and 
Secretary 

Kk. A. Rogers, M.D. 

Director of Health 


D. J. Hurley, M.D. 

Acting State Health 
Officer 

William A. Healy 

Technical Secretary 


Roscoe P. Kandle, M.D. 
State Commissioner 


of Health 


S. J. Leland, M.D. 
Director of Publie Health 


Herman E. Hilleboe, M.D. 
Commissioner of Health 


Earle C. Hubbard 
Director and Executive 
Secretary 


W. Van Heuvelen 
Executive Officer 


Ralph E. Dwork, M.D. 
Chairman 


G. F. Mathews, M.D. 


Commissioner of Ilealth 


Richard H. Wilcox, M.D. 
State Health Officer 
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of STATES 
Pennsylvania 


Puerto Rico 


Rhode Island 


South Carolina 


South Dakota 


Tennessee 


Texas 


Utah 


Vermont 


Virginia 


Virgin Islands 


Washington 


West Virginia 


STATE or GROUP 
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AGENCY AND ADDRESS 


Sanitary Water Board 

Pennsylvania Department of 
Health 

State Capitol 

Health and Welfare Building 

Harrisburg, Pa. 

Department of Health 

Ponce de Leon Avenue 

San Juan 18, Puerto Rico 


Department of Health 

State Office Building 

Providence 2, R. I. 

State Water Pollution Control 
Authority 

Room 417, Wade Hampton 
Building 

Columbia 1, 8. C. 


Committee on Water Pollution 
State Capitol 

Pierre, S. Dak. 

Stream Pollution Control Board 
Sixth Avenue, North 

Nashville 3, Tenn. 

State Department of Health 
1100 W. 49th Street 

Austin 11, Texas 


Water Pollution Control Board 
15 So. Fort Doublas Blvd. 

Salt Lake City 13, Utah 

State Water Conservation Board 
State Office Building 
Montpelier, Vt. 


State Water Control Board 
115 West Franklin Street 
Richmond 20, Va. 

Virgin Islands Dept. of Health 
Charlotte Amalie 

St. Thomas, V. I. 


Washington Pollution Control 
Comm. 

224 Old Capitol Building 

Olympia, Wash. 

State Water Resources 
Commission 

1709-A Washington Street, East 

Charleston 1, W. Va. 


June 


OFFICIAL AND TITLE 


Charles I. Wilbar, Jr., 
M.D. 


Chairman 


Guillermo Arbona, M.D. 
Secretary of Health 


Jeremiah A. Dailey, M.D. 
Director of Health 


W. T. Linton 


Executive Director 


Charles E. Carl 

Secretary and Executive 
Officer 

5. Leary Jones 

Director 


J. E. Peavy, M.D. 
Acting Commissioner 


of Health 


Lynn M. Thatcher 
Executive Secretary 


R. W. Thieme 


Commissioner 


A. H. Paessler 
Executive Secretary 


Melvin H. Evans, M.D. 


Commissioner of Health 
Art Garton 


Director 


Bern Wright 
Director 


1960 
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STATE or GROUP 
of STATES 


Wisconsin 


Wyoming 


WATER POLLUTION CONTROL 


AGENCY AND ADDRESS 


State Committee on Water 
Pollution 

State Office Building 

Madison 2, Wis. 

State Department of Health 

State Office Building 

Cheyenne, Wyo. 


AGENCIES 


679 


OFFICIAL AND TITLE 


T. F. Wisniewski 
Director 


Henry W. Kassel, M.D. 
Acting Director of Public 


Health 


INTERSTATE WATER POLLUTION CONTROL AGENCIES 


COOPERATING 
STATES 
Illinois 
Missouri 


Delaware 
New Jersey 
New York 
Pennsylvania 


District of 
Columbia 
Maryland 
Pennsylvania 
Virginia 
West Virginia 
Connecticut 
New Jersey 
New York 


California 
Oregon 


Connecticut 
Maine 
Massachusetts 
New Hampshire 
New York 
Rhode Island 
Vermont 


Illinois 


AGENCY AND ADDRESS 


Bi-State Development Agency 


915 Olive Street 
St. Louis 1, Mo. 


Interstate Commission on the 
Delaware River Basin 

Suburban Station Building 

Philadelphia 3, Pa. 

Interstate Commission on the 
Potomac River Basin 

Transportation Building 

815 17th Street, N.W. 

Washington 6, D. C. 


Interstate Sanitation Comm. 

10 Columbus Circle 

New York 19, N. Y. 

Klamath River Compact 
Commission 

P. O. Box 388 

Sacramento 5, Calif. 


New England Interstate Water 


Pollution Control Comm. 
73 Tremont Street 
Boston 8, Mass. 


OFFICIAL AND TITLE 


Mr. Leif J. Sverdrup 


Chairman 


Mr. James H. Allen 
Executive Secretary 


Mr. Ellis 8. Tisdale 


Director 


Mr. Thomas R. Glenn, Jr. 


Director and Chief 


Engineer 
Mr. R. B. Bond 


Executive Secretary 


Mr. Joseph C. Knox 


Secretary 


Ohio River Valley Water 
Sanitation Commission 

114 Walnut Street 

Cincinnati 2, Ohio 


Mr. Edward J. Cleary 
Executive Director 
and Chief Engineer 


Indiana 
Kentucky 
Ohio 
Pennsylvania 
New York 
Virginia 

West Virzinia 


The Treatment of Waste Waters Con- 
taining TNT by Sprinkling on Ashes. 
By V. Sours M. KusrKa. Faculty 
of Technol. of Fuel and Water 2, Part 1, 
Inst. Chem. Technol., Prague. p. 247, 
English Sum: lary (1958). 

The adsorption of TNT from solutions of 
various pH was studied on generator and 


furnace ashes. The regeneration of ash 
was also tried out by aeration. 
Generator ash adsorbs even 0.801 per 


cent of TNT by weight without the pres- 
ence of air with the use of a solution con- 
taining 100 me of TNT and a pH of 6.8. 
Furnace ash adsorbs 0.754 per cent of TNT 
under equal conditions, 

TNT in distilled water 
From the total 
idsorbed on ash, it was in 


The solubility o 


was only very 
amount of TNT ¢ 


the worst case 


per eent. 
Experiments were carried out on trick- 
ling filters fill ash. It was 


ed with furnace 


found that during intermittent loading 
5 more TNT can be removed from TNT 
fe wastes than the adsorption capacity of 


Through 


filters which w 


ash, one of the experimental ash 
as In use for a year, a hun- 


dred times more wastes were run through 


than was the weight of ash. This filter re 
moved a total of 321.7 g of TNT out of a 
total loading ot 


580 o& 


H. HEUKELEKIAN 


The Nephelometric Determination of 
Trichlorethylene in Industrial Wastes. 


By M. Errensercer anp JZ. Devt. 
Faculty of Technol. of Fuel and Water, 
Part 2, Inst. Chem. Technol., Prague. p. 

225, English Summary (1958). 
A new nephelometrie method of determi 
nation of trichlorethylene in industrial 
wastes has been elaborated on the basis of 


its oxidation by 


leans of ammonium per- 


* Please d to Federation headquarters a 
which might be suitable for abstracting in Tuts 
partments, stream pollution control agencies, 
tions are particularly desired. 
4435 Wisconsin Ave., N.W., Washington 16, D. C. 


sen 


OSU 


Reviews and Abstracts’ 


sulfate and nitrie acid. 
oxidation 
in the presence ammonium salts eon- 
verted into dichloracetylchloride. The last 
is into dichloracetie acid and HC hydro- 
lvzed and 


The product of the 
2-trichlorepox yethane—is 


ot 


l as silver chloride determined. 
sy this method it is possible to determine 
trichlorethylene in the quantity of 3 to 
50 mg/l. The influence of chlorides is re- 
moved by distillation and at the same time 
the concentration of samples is determined. 
The method to and 

interfering materials with pyridine. 


iS easy use removes 

For the determination of the optimum 
quantity of reactive bodies, a certain statis- 
tic method has been used for the first time. 
The of has been 
numerically expressed by means of statis- 
tical significance, found in the t-test tables. 


H. HevuKeELEKIAN 


influence single factors 


BOOKS, REPORTS, 
PAMPHLETS 


Specifications for the Construction of 


Sanitary Sewers. American Public 
Works Association Specification Com- 
mittee on Sewers, American Publie 


Works Association, Chicago, Tll. A.P. 
W.A. JI-58. 41 pp. Price $2.00 (1958). 
This publication was prepared to serve 
as a guide for publie works engineers who 
are responsible for the drafting of contract 


specifieations, 


Sewage Treatment Plant Design Guides. 
Portland Cement Association, Chicago, 
(1959). 

A 
tion 


Co itro] 


5 Py 
charted 
as obtained from state water pollution 


summary of design informa- 


agen ¢ 


ll periodicals, bulletins, 


JOURNAL. 


special reports, ete., 
Publications of public health de 


research organizations, and educational institu- 
Address such mz 


aterial: Water Pollution Control Federation, 


; 
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SAFETY-ENGINEERED 


SEWAGE EQUIPMENT 
at new Oxnard, California 
Sewage Plant 


FOR SAFETY’S SAKE, on this recently started 6 
MGD sewage treatment plant built for the City of 
Oxnard, California, contractor Fred J. Early and 
consulting engineers Currie Engineering chose the 
“Varec” Fig. 5800C Pressure Relief and Vacuum 
Breaker with Flame Arrester, and the Fig. 211A 
Back Pressure Check Valve. 
Over the years, “Varec” equipment’s record of safety, 
quality and dependability has been established in 
thousands of communities throughout the United 
States and Canada. For maximum protection in the 
control and regulation of volatile sewage gases, be 
sure—specify “Varec”’. 

Request Varec Catalog S-3 
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The line 
of safety-engineered 
SEWAGE EQUIPMENT 


+ Pressure Relief * Pressure Relief 
and Vacuum and Flame Trap 
Breaker Valve Assembly 

+ Flame Arresters + Pressure Reducing 

+ Flame Trap Regulator 
Assembly + Check Valves 

Explosion Relief 
Valves 

+ Waste Gas Burners * Sediment Traps 

+ Flame Checks + Manometers 


+ Drip Traps 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street, Compton, California 
Cable Address Varec Compton California (U.S.A.) All Codes 
Available from authorized Sewage Equipment agenis 

nd Canada 


throughout U.S. a 


| 
$-16 
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Equipment and Supply Lines 


Plug Valve Actuator—A 22-page 
brochure on plug valve actuators which 
includes specifications, dimensions, and 
torque information is available from 
the Pantex Manufacturing Corpora- 
tion, P. O. Box 660, Pawtucket, R. I. 

Aeration Equipment—An 8-page 
brochure describes the history and de- 
velopment of the Sparjer aeration 
headers. Theory and application are 
discussed.—Bulletin 22-S-90, Walker 
Process Equipment, Inc., Aurora, III. 

Sludge Concentrator—The Nichols 
Engineering and Research Corp., 70 
Pine St., New York, N. Y., has the 
exclusive manufacturing and sales 
rights in the United States for the 
‘*Roto Plug’’ sludge concentrator. This 
method of dewatering is said to re- 
quire no chemicals, and has lower 
power requirements. 

Gloves—A broad line of coated 
fabric work gloves for industrial hand 
protection is described in Bulletin No. 
1315-1 of the Mine Safety Appliances 
Co., 201 N. Braddock Ave., Pittsburgh 
SPA. 

Electronic Solution Controller—De- 
scribed in a 4-page bulletin is an elec- 
tronic conductivity controller which 
provides a completely integrated sys 
tem for automatically controlling, 
within narrow limits, the concentra- 
tion of caustic, acid, or aqueous solu- 
tions.—Electro Mechanisms Corpora- 
tion, 7301 Ridgeway Ave., Skokie, III. 

Pneumatic Ejectors—The ‘‘Uni- 
ject,’’ a pneumatie sewage ejector for 
small dwellings, is designed for ea- 
pacities up to 15 gpm. The unit is 
described in Bulletin 711 of Smith and 
Loveless, Inc., Lenexa, Kans. The 
firm also announces the availability of 
the ‘‘ Vae-O-Ject,’’ a pneumatie ejector 
with capacities from 30 to 100 gpm. 
This ejector combines the principle of 
vacuum intake with air-pressure ejec- 
tion. 


Metering Pumps—Heavy-duty me- 
tering pumps are being produced by 
Wallace & Tiernan Ince., Belleville, 
N. J. Known as Series 200, the pumps 
ean function with one, two, or three 
interchangeable liquid ends. Capaci- 
ties range from 0.65 to 2,025 gph. 


Self-Curing Zinc Coating—‘‘Zink- 
ote,’’ an inorganie, is said to give bare 
steel complete protection from water, 
severe weathering, salt spray, and 
abrasion. Applied in a single coat 
only a few mils thick, it is said to eure 
itself to metallic hardness and adhere 
permanently. It may be used on steel 
structures, before or after erection, 
and is applied with regular paint 
ing equipment.—Amercoat Corpora. 
tion, 4809 Firestone Blvd., South Gate, 
Calif. 


FIGURE 1.—Flow meter. 


Flow Meter—<A new, low-cost total 
flow meter designed to measure sew- 


(Continued on page 292a) 
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NEW SUTORBILT 
“88” ROTARY 
POSITIVE BLOWERS 
ARE LIGHTER . . . 
SMALLER . . . 


and so versatile in performance 
at just six models cover the range 
from 200 to 2200 cfm up to 15 psi 


/ 'S WELL BUILT 


QUIETER 


Brand New from Sutorbilt, Series “‘88’’ Rotary Positive Blowers pack oversize output 
in the most versatile line of light-weight, space-saving blowers available for high per- 
formance operation. Retaining such efficiencies as the 2-lobed counter-rotating impeller 
and the special Sutorbilt timing hub, these simple, rugged units feature: 


High Strength, Heavy Duty Construction ... increase service life, shrink blower 
size, insure low maintenance, peak performance. 


Choice of Driving Methods . . . Locked bearings on both impeller shafts permit 
direct motor or V-belt drive. Availability of these new blowers as standard or gear head 
units furthers design possibilities, offers a wide range of ratios up to approximately 3 to 1. 


More Mounting Possibilities . . . Series “88” blowers can be mounted horizontally 
or vertically on pedestal type pipe plates or directly to flange type electric motors with a 
special drive end cover plate. Also available is a mounting kit for power take-off opera- 
tion on frame rail of trucks and tractors. And this entire line of compact blowers 
can also be supplied with flange adapters and couplings for mounting on air-cooled gas 
engines, widely used on bulk cement and other trailers. 


Self-contained Lubrication . . . A self-contained splash system oil lubricates the anti- 
friction bearings and precision helical steel gears, eliminates any need for external oil 
feed systems and coolers. 


Low Sound Level ... Light-weight, compact Sutorbilt package-type silencers that 
lower the sound level with little pressure drop can easily be fitted to all Series “‘88”’ blowers. 
Find out more about these radically new blowers that offer you a wide range of out-puts 
coupled with light-weight, small size and minimum power requirements. Write for 
literature today. 


Representatives located in principal cities. Consult your classified telephone directory. 


CORPORATION, 2908 EAST VICTORIA ST. « COMPTON, CALIF. Seana” 
SUBSIDIARY OF FULLER COMPANY © CATASAUQUA, PA. I, 


» 
3 27 
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age and industrial waste flows in open 
available Total vol 


flow through standard weirs or 


channels is 
ume of 


now 


Parshall flumes is read from a counter 
totalizer while 
flow and head are 
pointer and scale 


instantaneous rate of 
indicated by a 
(Figure 1). The 
meter is entirely mechanically oper- 
ated. Ask for information on Model 
60M.—Leupold & Stevens Instruments, 
Ine., 4445 N.E. Glisan, Portland 13, 
Ore. 


Aerator—The ‘‘Permaerator,’’ a 
sparger ring assembly with upper and 
lower shaft-mounted impellers, is dis- 
cussed in a 6-page bulletin.—Permutit 
Company, 50 W. 44th St., New York 

Car Handler—The Trackmobile in 
Figure 2 converts to a highway vehicle 
by lowering its wheels. The full line 
is deseribed in Bulletin T-128.—Whit- 
Harvey, Ill. 


ing Corporation, 


— 


Factory-built Lift Stations 
Catalog 502 and Technical 
700 of the Sehmieg 
Detroit 34, Mieh., 
pump sizes, power 
sign and 
a line of 


Both 
Bulletin 
Industries, Ine., 
contain dimensions, 
data, and other de- 
construction information on 
factory-built lift stations. 


Rainwear—A broad line of rain- 
wear and protective clothing, designed 
for industrial, utility, and special ap- 
plications, is described in a 12-page 
brochure just issued by the Mine 
Safety Appliances Co., 201 N. Brad- 
dock Ave., Pittsburgh 8, Pa. 


Rotary Distributors—Self-propelled 
mechanisms are the subject of a 16- 
page brochure. Both standard- and 
high-rate types are described and de- 
tails are given on a variety of center 
assemblies, arms, and special features. 
—Bulletin SM-1011. 
tion, P. O. Box 300, 
Utah. 


Corpora- 
Salt Lake City 10, 


FIGURE 2.—Trackmobile. 
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Proceedings of Member Associations 


2% a 


MISSOURI WATER AND 
SEWERAGE CONFERENCE 


The Annual Joint Meeting of the 
Missouri Water and Sewerage Confer- 
ence and the Missouri Section of the 
American Water Works Association 
was held at the Hotel President, Kan- 
sas City, Mo., Sept. 27-29, 1959. 

Many interesting papers were pre- 
sented, and those of particular interest 
to workers in the wastewater field 
were: 


Public Relation Aspects of Pro- 
moting a Bond Issue,’’ by Ted Sper- 
ling, Director of Public Information, 
Metropolitan St. Louis Sewer District, 
St. Louis, Mo. 

**Problems of Easements, Site Ac- 
quirement, and Condemnation,’’ by 


reason: 


recessed impeller; continuous open 
(what will go in will come out) 


® a division of 
Western Machinery Company 
650 Fifth St., San Francisco, Calit. 


Richard Koenigsdorf, City Counselor, 
Kansas City, Mo. 

‘**Plant-Seale Studies of Preaeration 
in Sewage Treatment,’’ by Harris F. 
Seidel, Superintendent, Water and 
Sewage Treatment, Ames, Iowa; and 
E. Robert Baumann, Professor of Civil 
Engineering, Lowa State University, 
Ames, Iowa. 

Construction Grant Program 
Aspects of P.L. 660,’’ by Daniel J. 
Weiner, U. 8. Public Health Service, 
Kansas City, Mo. 

‘New and Future Equipment in the 
Water and Sewerage Works Field,’’ 
by A. A. Kalinske, Vice-President, 
Infileo, Ine., Tueson, Ariz. 

‘‘Organizing a Research Program 
Within Your Own Utility,’’ by Nathan 


(Continued on page 294a) 


the INCREDIBLE Torque-Flow pump 


Bailing wire, rags, bottles—even tin cans. The incredible Wemco 
Torque-Flow Pump handles any material with ease. Clogging 
is a thing of the past because of Wemco's recessed impeller, 
continuous, open passage. What will go in will come out. 
Send your pumping problem to the men of Wemco . . . today! 


ssage 


° kills flies, larvae : 

: and pupae : 
without damage to 
zoogleal film 

: ev / without destroying : 

beneficial bacteria : 


without reducing 
filter efficiency 


NEW INHIBITORY FACTOR— Hundreds 
of tests have demonstrated that R.S.C. 
is extremely effective in killing Psychodae 
which have shown high degree of resistance 
to DDT, Methoxychlor, Lindane, Chlor- 
dane, Dieldrin, Aldrin, Malathion and other 
insecticides. 


This is accomplished by an inhibitory fac- 
tor which renders a hitherto resistant fly 
susceptible to the insecticides in the R.S.C. 
formula. Field tests in such widely separated 
areas as Illinois, Texas, Florida have shown 
that use of R.S.C. reduces filter fly popula- 
tion to practically nil. 


SAFE, ECONOMICAL—RS.C. is regis- 
tered by the United States Department of 
Agriculture for control of Psychoda flies. 
When used according to directions, R.S.C. 
is safe, economical, and the most effective 
method of filter fly control to date. 

Send for literature and field test reports. 


PAT. APPL. FOR 


) industrial Chemicals Division 
CHICAGO 14, ILLINOIS 
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GLENN 


CS CHEMICAL CoO. 


C. Burbank, Head, Department of 
Civil Engineering, St. Louis, Mo. 

‘“‘Automation of Small Sewage 
Treatment Plants,’’ by Allen H. Wy- 
more, Principal Engineer, Burns and 
McDonnell, Kansas City, Mo. 

‘Current Status of Operator Train- 
ing and Licensing,’’ by Jesse H. Bar- 
low and Warren Kramer, Water and 
Sewage Plant Supervisor and Chief, 
Water Supply, Missouri Department 
of Health, Jefferson City, Mo. 


President W. D. Hatfield repre- 
sented the Federation and diseussed 
current Federation activities. 

At the business session important 
organizational changes were enacted 
which resulted in the formation of 
the Missouri Sewage and Industrial 
Wastes Association. 

Association officers elected for 1959-— 
60 are: 


Chairman: Donald W. Maloney, Platte 
City. 


Vice-Chairman: Werner F. Heidtke, 
St. Ann. 
Director: William Riddle, Kansas 


City. 
Secretary-Treasurer: 
Jefferson City. 


Warren Kramer, 


WARREN KRAMER 
Secretary-Treasurer 


OKLAHOMA WATER, SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 33rd Oklahoma Water and Sew- 
age Short Course and _ Industrial 
Wastes Conference was held at the 
Oklahoma State University, Stillwater, 
Okla., Nov. 16-20, 1959. Registration 
for the Short Course was 182 and for 
the Industrial Wastes Conference it 
was 49, 

At the general sessions of the Short 
Course and at the Industrial Wastes 
Conference the following papers were 
presented : 


(Continued on page 297a) 
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Successful operation of the activated sludge process depends upon 
efficient and economical aeration. Compared to the 4 to 5% 
absorption by porous plates on mechanical systems, Penberthy 
Aeration Ejectors provide 20 to 25° oxygen absorption while 
using 40° LESS horsepower. 

The remarkable efficiency of Penberthy aeration over older meth- 
ods is being demonstrated in actual installations every day. It is 
simple to design, install and operate ...and costs much less. 


Penberthy aeration systems can be designed by any competent 
engineering staff to suit any aeration 
requirement. They offer also a 
practical means to expand present 
capacity without expanding existing 
tank volume. 


\ 
WRITE for new brochure... useful in plan- | 
ning, installing and cost-estimating new or 
expanded facilities. You will find our engineer- 
ing staff helpful with your specific problems. 


handles grit for 


many years at 

DES MOINES, IOWA, 

SEWAGE TREATMENT 
PLANT 


A Nagle 4” type “T” pump has been’ costs at many sewage and waste treat- 
performing with a high order of satis- ment plants because they are specifically 
faction for many years handling grit at designed for abusive conditions—appli- 
the Des Moines cations involving abrasive slurries, cor- 
Tough jobs call for Sewage Treatment _rosive liquids, hot solutions or a com- 
Plant. The pump bination of these. Horizontal and 
it replaced “lasted vertical shaft types. NAGLE PUMPS, 
quick.”’ Nagle INC., 1210 Center Ave., Chicago 

Pumps are cutting Heights, IIl. 


APPLICATIONS Send for NAGLE Pump Selector 


EXCLUSIVELY 


05a 
: MONEY-SAVING ‘WAY TO HANDLE WASTES 
\\ 
| 
PENBERTHY MANUFACTURING COMPANY Prophetstown Illinois 
Division of Buffalo-Eclipse Corporation 
Nagle pump 
| 


WPCFE publications 


safe prac 


tn 75 


Order as 


Utilization of Sewage Sludge as 
Fertilizer 


f advan 


Chlorination of Sewage and In 
dustrial Wastes 


pag 


Order 


Air Diffusion in Sewage Works 


} 


Units 
W ast 


Expression for Wastes 
and Treatment 


Sewage Treatment Plant Design 


ation and 


Design and Construction 
Sanitary and Storm Sewers 


of 


Twenty-Year Index to 
Works Journal 


Sewd ge 


1948 
144 


it 


Ten-Year Index to Sewage and 
Industrial Wastes 


Glossary—Water and Sewage 


Control Engineering 


* Discount of 
more 


15% orders 


manual 


on 
of any one 


Water Pollution Control Federation 
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443 


Visconsin Avenue, Washington 16 
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| Safety in Wastewater Works 
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cent tot moth Cre 
ue ASCE Ds pr ntat f the sub 
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“aa t ’ ber for 12 or 
| 
> 
3 
| | 
| 
t Item Copies Cost Iten Cor ( 
MOP -¢ 
| MOP-8 | 
| 
| 
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‘*Sewage Plant Analyses,’’ by John 


A. Logan, Northwestern University, 
Evanston, Ill. 

‘*Effect of Chromium on Sewage 
Treatment Processes,’?’ by W. A. 
Moore, G. N. MeDermott, Mildred A. 
Post, J. W. Mandia, and M. B. Ettin- 


ger, Robert A. Taft Sanitary Engi- 


neering Center, Public Health Service, 
Cincinnati, Ohio. 

‘*Plant Safety,’’ by Glenn Smith, 
Oklahoma State University, Stillwater, 
Okla. 

‘*Water and Sewage Works Man- 
agement,’’ by Curtis Harlan, Water 


and Sewer Department, Tulsa, Okla. 
‘‘Present Status of 660 Program,’’ 
by Roy Hann, C. H. Guernsey and 
Co., Oklahoma City, Okla. 
‘*Pneumatie Lift Stations,’’ by Ray 
Clark, Tulsa, Okla. 
**Biological Oxidation 
Chemical Wastes in 


of Organic 
Stabilization 


Ponds,’’ by Jack T. Garrett, Monsanto 
St. Louis, 


Chemical Co., Mo., and 


PROBLEMS! 


ELIMINATES 
THE GUESS WORK 


Ferri-Floc produces a smoother trouble-free opera- 
tion. Whatever your particular water treatment prob- 
lem may be, you can depend on Ferri-Floc to do the 
job more efficiently and economically — Coagulates 
over a wider pH range —Increases filter runs —Rapid 
floc formation —Excellent taste and odor control and 
many other plus factors. 


For more detailed information make request 
on your firm's letterhead. 


JOURNAL WPCF 


WATER TREATMENT 


612-629 Grant Building, Atlante 3, Georgio 


297a 


W. M. Steinfeldt, Eastman Kodak Co., 
Rochester, N. Y. 

‘*Phenolie Waste Disposal,’’ by Ray 
C. Allred, Continental Oil Co., Ponea 
City, Okla. 

‘*Administration of a Water Pollu- 
tion Control Program,’’ by A. H. 
Paessler, State Water Control Board, 
Richmond, Va. 

‘*Milk Waste Treatment,’’ by J. K. 
Lindsey, Tahlequah, Okla. 

‘*Oklahoma’s New Radiation Protec- 
tion Act,’’ by W. C. Galegar, Okla- 
homa State Department of Health, 
Oklahoma City, Okla. 

‘‘Water Quality Criteria for Okla- 
homa,’’ by G. W. Reid, University of 


Oklahoma, Norman, Okla. 
‘‘Oxidation Ponds for Refinery 


Waste Treatment,’’ by Larry Allmon, 
Sunray-DX Oil Co., Dunean, Okla. 
‘‘New Developments in Mechanical 
Aeration with Special Application to 
Aeration of Lagoons,’’ by A. A. Ka- 
(Continued on page 299a) 


WATER TREATMENT 


Efficient coagulation of surface or well water 
—Effective in lime-soda ash softening—adapt- 
able in treatment of all industrial applications. 


SEWAGE TREATMENT 


Coagulates over wide pH range and provides 
efficient operation regardless of rapid varia- 
tions of raw sewage—Very effective for con- 
"4 ditioning sludge prior to vacuum filtration or 
drying on beds. 


SODIUM SILICOFLUORIDE 


For fluoridation of municipal water supplies 
—Available for prompt shipment. 


For complete at of our products see our inserts in 
Chemical Week Ruyers’ Guide, Pages 173-176 or 
Chemical Pages 551-554. 


‘eb 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


Alpha Ltd 
American Well 


Dorr-Oliver Inc 
Eimco Corp 


Infilco Inc 
Link-Belt Co 
Pacific 
Penberthy 


mutit 


Wemco Div 


Yeomans 


Agitators 
Link-Belt Co 


ers, ( 
Chicago } 
Fairbanks 


Worthington 


Filtration 
Industrial 


This list of products and services is offered as an information aid. The 
list was derived by solicitation from those firms listed. The JourRNAL will 
make every effort to keep this list current with the help of members and 
advertisers. All Associate Members and all advertisers for the past cal 
endar year are included. Many of the services and products are advertised 
in this issue. For an alphabetical listing see Index to Advertisers in back 
of JOURNAL. 
Aerators (also see Diffusers, Air) Industrial Materials Co. Yeomans Brothers Co 
(Switzerland) J. S. Pipe & Foundry Co Zimmer & Francescon 
Works R. D. Wood Co Clay Pipe Products 
Chicago Pump Co Ce ( Cc Industrial Materials Co 
ement (see Concrete) National Clay Pipe Mfrs., Inc 
Centrifuging Equipment Wedge-Lock Clay Pipe Mfrs., Inc. ‘ 
Graver Water Conditio Co. achi : 
ee ee Bird Machine Co Coatings and Linings (Pipe and 
Chains ank) 
Flush Tank Co Chain Belt Co Amercoat Corp 
Mig. Co., Div. of Buffalo- | Link-Belt Co Centriline Corp 
Eclipse Cor Webster Mig., Inc 
Co ler-Per- coppers Co., Inc 
—,* ’ { Pfaudler-Per Chemical Feed Equipment National Water Main Cleaning Co 
Builders-Providence Div., B-I-F In- | Perry-Austen Mfg. Co 
Walker Process E« ipment Inc _dustries Pittsburgh Coke & Chemical Co 
a I : Eimco Corp Stebbins Engr. & Mfg. Co 
Western Machinery Co Fisch - 
oe sraver ater Conditionir 
Zimmer & Francescon Infilco Ine | Comminutors (also see Shredders 
Jeffrey Mfg. Co and Grinders) | 
Komline-Sanderson Engr. Corp Alpha Ltd. (Switzerland) 
Air Cleaning Equipment Link-Belt Co 
Westinghouse Electric Corp Omega Div., B-I-F Industries D OM yo 0 
Pe tit iv. of Pfaudler-Per- orr-Oliver Inc 
Air Compressors (also see Blow- vacate Inc »» Div caeeitaes Gruendler Crusher & Pulverizer Co. 
ts, and Fans) Proportioneers Div., B-I-F Industrie c 
imp \ Wallace & Tiernan I carey Sag. \-0 
Morse & Co. _ ——— Smith & Loveless, Inc 
Komline-Sanderson Engr. Corp Chemicals Walker Process Equipment Inc 
V ; Cloroben Chemical Corp Worthington Corp 
Yeomans Brothers Cx Dow Chemical Co c 
ir Fisher Scientific Co 
Air Diffusers Diffusers, Air) General Chemical Div., Allied Chem- | Chicago Pump ¢ . 
Asbestos Cement Pipe Products ical Corp Fairbanks, Morse & Co “ 
juipment Corp Glenn Chemical Co Komline-Sanderson Engr. Corp. 
Materials Cé Tennessee Corp Roots-Connersville Blower, Div. of 
Johns-Manville Sales Corp Vulcan Materials Co Dresser Industries Inc 
Keasbey & Matti Worthington Corp 
; Chemists (see Directory of Engi 


Ash Handling Equipment 
Link-Belt C 


Automobiles and Trucks 
Vulcan Materials C 
Bearings 

Link-Belt Co 

Bins, 


Biologists (see 
neers) 


Storage (see Tanks) 


Air C 


ans) 


ompressors, 
j 
on Div. of 
er 
Sutorbilt Corp 
Yeomans Brothers C« 
Zimmer & Francescon 
Boilers 
Combustion Engineering, Inc 
Building Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co 
Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


Directory of Engi- 


Equip- 


neers) 


Chlorination 


Builders-Providence 


dustries 
Everson Mfg. C 


Equipment 


Div., B-I-F In 


Fischer & Porter Co 


Graver Water C 


Wallace & Tiernan 


Zimmer & Fran 


Clarifier 


Equipment 


onditioning Co. 
Inc 
cescon 


(also 


see 


Sedimentation Equipment) 


Alpha Ltd. (Sw 
American Well 
Ralph B 
Chain Belt Co 


itzerland) 
Works 


Carter Co 


Chicago Pump Co. 


Dorr-Oliver Inc 
Eimco Corp 
Graver Water 
Hardinge Co., 
Infilco Inc. 
Jeffrey Mfg. Co 


Komline-Sanderson Engr 


Conditioning Co. 


Inc 


Corp 


Lakeside Engineering Corp 


Link-Belt Co 
Permutit Co., 
mutit Co 
Walker Process 


Div. of Pfaudler-Per- 


Equipment Inc 
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Yeomans Brothers Co A: 


Computers 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn 
Vulcan Materials Co 


Concrete Pipe Products 
American Concrete Pressure Pipe 
Assn 

American-Marietta Co 
Gray Concrete Pipe Co., 
Industrial Materials Co 
Lock Joint Pipe Co 
Portland Cement Assn 
Price Bros. Co 

Vulcan Materials Co 


Inc 


Construction Equipment 
Chain Belt Co 

Eimco Corp 

Worthington Corp 


Controls (also see Instruments, Re- 
cording and Control) 
Bailey Meter Co 


| 
| 
| 

| 
: | 
| | 
| 
j 
| 

‘| 
| 


linske, Infileo Ine., Tueson, Ariz. 

‘“Conerete in Sewage and Industrial 
Wastes Plants,’’ by E. P. Sellner, 
Portland Cement Association, Chieago, 
Ill. 


At the Annual Banquet, Federation 
Vice-President Ray Lawrence pre- 
sented the Hatfield Award for out- 
standing treatment plant operation to 
John Mullins, Chief Operator, Bartles- 
ville, Okla., and the Bedell Award for 
extraordinary service to the Associa- 
tion to C. R. Holden, Superintendent 
of Plants, Tulsa, Okla. 

At the business meeting these offi- 
cers were elected for 1959-60: 


President: A. C. Lock, Jr., Cushing. 

Vice-President: Tommie Cutsinger, 
Claremore. 

Secretary-Treasurer: H. M. Crane, 


Oklahoma City. 


H. M. Crane 
Secretary-Treasurer 


INDIANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 23rd Annual Conference of the 
Indiana Sewage and Industrial Wastes 
Association was held at the Washing- 
ton Hotel, Indianapolis, Ind., Nov. 18- 
19, 1959. Total registration was 148. 

These excellent papers were pre- 
sented : 


*«Something’s 
River,’’ by E. 
Director, 
Sanitation 
Ohio. 

‘‘Limitations of Municipal Sewage 
Treatment Plants to Handle Industrial 
Wastes,’’ by C. Fred Gurnham, Head, 
Department of Chemical Engineering, 
Michigan State University, East Lan- 
sing, Mich. 

‘‘Application, Care and Mainte- 
nance of Meters and Controls,’’ by 
Byron L. Anderson, Regional Engi- 


Happening on a 
J. Cleary, Executive 
Ohio River Valley Water 

Commission, Cincinnati, 


(Continued on page 301a) 
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Nation’s first 
all-plastic sewer system 
proves it pays to install 


s For the first time anywhere, an all- 
lastic sewer system was completed in 


eedham, Mass., early in June, 1959. 
Rigid Evanite Plastic Sewer Main, House 
Connections, and Fittings were specified 
throughout. Based on extensive tests 
before, during and after installation, 
Evanite offers all these outstanding ad- 
vantages... 
®@ Solvent-welded joints completely eliminate 
infiltration, exfiltration, and root penetration 
No percolation through pipe walls... does 
not swell or soften 
@ Impervious to chemicals found in sewage and 

industrial wastes 
®@ Fast and easy to install...can be cut with 

a hand saw and jointed at any point without 

further machining or working 
®@ Provides ample crushing strength for service 

under city streets 
Evanite conforms to U.S 
merce Standard CS 228-60. 


Available in standard 10-foot lengths... 
longer lengths on request... diameters 
to 15 inches. ..complete line of fittings. 
Evanite is the only producer of large- 
diameter plastic sewer main and one of 
the nation’s leading manufacturers of 
perforated plastic pipe for drainage and 
plastic water pipe for mains and house 
services. 


>. Dept. of Com- 


Adapter 

Coupling For Other 

ft 
wye 90° Ell Curve 


PLASTIC 


2 Evanite COMPANY 


DIVISION OF THE EVANS PIPE COMPANY 
CARROLLTON, OHIO e TELEPHONE 68 
One of the nation’s largest producers of face 
brick, clay pipe, clay flue lining, wall coping, and 
related construction materials ...with over 50 
years of faster, friendlier service. 


Do It Right With Evanite Sewer, Gas, Water, Irrigation Pipe 


29a 
« | 
| 
| | | 
wa a 
| 
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Builders-Providence Div., B-I-F In 


Penn Instru 


& Meter Co 


well Regul 
Div 


ator 


of Pfaudler-Per 


Corrosion Protection 


Couplings 
Link-Belt Co 


Diffusers, Air (also see Aerators) 
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Zimmer & 


Diffusers, Gas Aerator 


Work 
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t { 
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Distributors, Rotary 
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Link-Belt Cx 

Pacific Flush Tank Co 

Smit h & Lovel ess, Inc 
Equipment Inc. 


Dryers 
1a Ltd 


(Switzerland) 
Engineering, Inc 


Inc 
line -Sandersi n Engr 
Belt Co 
Engr 
Stuart Corp 


Corp 


& Research Corp 


E Jec tors 


line-San nders son Engr. Corp 


Engineers (see 


neer 


Directory of Engi 


Engines (Sludge Gas and Pe- 
trole um Fuels) 

Clin 

Fairba 

Wa 

W yn re orp 


Fans (also see Air Compressors, 
jlowers, and Compressors) 
Pump ( 
Engineering Corp 
ise Electric Corp 


1 lite r E auipme nt, Trickling 
Ltd 


=x = 


Equipment Inc 
others Ce 
Shaner & 


TAM AAS 


Filter Materials 


Filters, Diatomaceous Earth 
Graver Water Conditioning C 
Brothe 


Vacuum (also see Vacuun 


eomar 


Filters, 
ilter 
Bird Machine Co 
Dorr-Oliver Inc 
Eimco Corp 


Proportioneers Div 


B-I-F 
Floce sting E quipme nt 
td wits 


Industrie 


ering Corp 


quipment Inc 


Webster Mfg., Inc. 
Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water C gy Co 
Komline-Sanderson ngr. Corp. 
Yeomans Brothers C 


F low Measurement 

sailey Meter 

Burge ss-Manning Co., 
ments Div 

Filtration Equipment Corp 


Penn Instru- 


Gas Control Equipment 
Alpha Ltd. (Switzerland) 
Bailey Meter Cx 
o-Menning Co., 
iv 
Carter Co. 
o Pump Co 
Dorr-Oliver Inc 


Penn Instru- 


ste id alve Mfg. Co. 
Co 


1ipment Inc. 


Gas Diffusers (see Diffusers, Gas) 
Gas Holders, 
purtenances 
Ralph B. Carter Co 
Chicago Pump Co 
r-Oliver Inc 


Boilers, and Ap- 


> Sales Corp 

ittst Moines Steel Co. 
Walker Process Equipment Inc. 
Gaskets 

Johns-Manville Sales Corp 
Keasbey & Mattison Co 


Grates 
Armco 
Fi Itrat ion Equ 
Industrial Ma 
Snow Gate alves, Inc 
Webster Mfg 


Drainage & Metal Products, 


nent 
( 


Generators 
Engine Mig. Co 
nks, Morse & Co 
al Electric Ce 
stinghouse Electric 
orthington Cory 


Corp. 


Grease Control Materials 
Cloroben Chemical Corp 
Grinders (also see Shredders and 
Grinder 

Switzerland) 


| Work 


her & Pulverizer Co 
Cc 

Grit Collection and Condition- 

ing Equipme nt 

Alpha ‘ (Switzerland) 

American Well Work 
Chain Belt ¢ 

} g } r 
D rr-Oliver In 
Eimco Cory 
Ir In 
Je M 
Link Be t 
Stuart Corp 
Walker Process Equipment Inc. 
Webster Mfg., Inc 
Zimmer & Frances 


E 
dustries 
ments Div : 
Chicago Pump Ce Ye I Ca 
Sees Fischer & Porter Cc Zi r & Francescon " 
Foxboro ( 
General Electric Ce | 
Homestead Valve 
Minneapolis-Hone Co. 2 
Rockwell Mig. ¢ 
Wallace & Tiernan Ir 

Westinghouse Electric Corp. 

Se American Well Works Tex-Vit Supply ¢ : 
Chain Belt ¢ Yeomans Brothers Cx | 

a Chicago | p Co 
Stuart Corp | Fi 
Webster Mig., Inc. | Foxt 
: 
( a0 mp Co | Rockwe ¢ 
| Vapor Recovery Systems Co 
Johns-Manville Sales Corp | Wamer 
Koppers | I Zimmer & Francescor ‘ 
Perry-Austen Mfg. ¢ 
Stebbins Engr. & Mfg. Co | 
Wallace & Tiernan Inc | 
ha Ltd. (Switzer) B. Carter Co. 
rio erican Well Works Dorr-Oliver Inc | 3 
borund Dow Chemical Co | 
icago p mco Corp 
pai Oliver I Itration Equipment Corp } 

Corp dustrial Materials Co | 
I | In 
ceside Engineering Corp | isbey & Mattison Ce | 

4 k-Belt ¢ mline-Sanderson Engr. Corp | 
ic h Tank Co. tkeside Engineering Corp 
hae iberthy Mfg. Co., Div. of Buffalo- | ichols Engr. & Research Corp : 
Eclipse Cory | Flush Tank ( 
Walker Process | ent Inc th & Lovele Inc 
Wemco Div., Western Machinery Co. | I | 
) 
American Well 
| 
5 3 Chicago | ip Ce Carborundum Co 
Eimco Corp | Filtration Equipment Corp 
Infil Glenn Chemical Cc 
Walker Process Water Containing Ci 
Yeor I Industrial Materials C } 
Johns-Manville Sales Corp 
Ra 
|| Chicago Pump Co 
Dorr-Oliver I | Ame 
Ei Cor | Cha Re ( 
G Rupp ¢ } Dorr-Ol 
Har e I 
Jeffrey Mig. ( 
Lakeside Engineering Corp 
| Pacific h Tank ¢ | 
Smith & Lovel Inc 
“3 Vapor Recov S ems Co | 
| Walker Proce Equipment Inc } Ralph B irter Co 
Chain Belt | 
Yeomar Br ( Dorr-Oli Ir 
Zit er & | iver 
Bi Corp ‘ 
| Graver Water Conditioning Ci 
4 ) H rdi ge Cr I 
\ \ k Infile Ir 
Ralph B. Carter Co Jeffrey Mig. Ce 
Dorr-Oliver In Lakeside Engine 
Infil I Stuart Cory 
Lakeside Engineering Corp Walker Process EE. | 
Wigs 


neer, B-I-F Industries, Ine., West La- 
fayette, Ind. 
** Anaerobic of Paper, 
Grease, Hair, Detergents and Sewage 
Sludge,’’ by Don E. Bloodgood, Pro- 
fessor of Civil Engineering, Purdue 
University, West Lafayette, Ind. 
‘‘Preparation and Assembly of An- 
nual Reports,’’ by L. L. Larson, Assist- 
ant Superintendent, Sewage Treat- 
ment Plant, Fort Wayne, Ind. 
‘‘Spraying Strawboard Pulp Mill 
Wastes,’’ by Arthur Meighen, Techni- 
cal Director, Weston Paper and Manu- 
facturing Co., Terre Haute, Ind. 
**Tndiana Tank Licensing 
Law as Related to Municipal Sewage 
Treatment Plants,’’ by Victor G. Wag- 
ner, Sanitary Engineer, Indiana State 
Board of Health, Indianapolis, Ind. 
‘‘Cannery Waste at Tipton, Ind.,’’ 
by Henry L. Bradakis, Sanitary Engi- 


Digestion 


Septic 


POSITION AVAILABLE 
Sanitary Chemist 


A municipally owned and op- 
erated sewage treatment plant in 
Tennessee invites applications from 
men 25 to 50 years of age with at 
least 5 years experience as sanitary 
chemist, knowledge of analyti- 
cal procedures related to sani- 
tary and industrial waste treat- 
ment, sludge digestion, dewater- 
ing, etc. Primary treatment plant 
now nearing completion, design 
capacity of 42 mgd and a 3.5 mgd 
activated sludge plant to be con- 
structed shortly. 

Salary open depending on quali- 
fications. Interested applicants 
should send complete resumé of 
training, experience, personal data 
and salary desired to Box M, Jour- 
nal Water Pollution Control Fed- 
eration, 4435 Wisconsin Ave., 


Washington 16, D. C. 
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neer, Clyde Williams and Associates, 
West Lafayette, Ind. 


“Treatment of Metal Finishing 
Wastes,’ by Clyde C. Cupps, Tech- 
nical Engineer, Rockwell Standard 


Corp., Newton Falls, Ohio. 

Analytical Methods and Labora- 
tory Procedures,’’ by Stephen R. Kin, 
Sanitary Engineer, Indiana State 
Board of Health, Indianapolis, Ind., 
and James E. Etzel, Assistant Profes- 
sor of Civil Engineering, West Lafay- 
ette, Ind. 

**Design, Construction and Mainte- 
nance of Sewers and Diversion De- 
vices’’—panel discussion. 

“What Are Your Operation Prob- 
lems ?’’—panel discussion. 


Inspection trips included visits to 
the Indianapolis sewage treatment 
plant and the waste treatment facili- 
ties of the Allison Division of General 
Motors Corporation. 

FSIWA Executive Secretary Ralph 
E. Fuhrman spoke of Federation ae- 


tivities—present and future—at the 
annual banquet. 

At the business meeting, awards 
were established to recognize: honor- 


ary members, years of service, stimu- 
lation of membership, an outstanding 
device, best annual report, and out- 
standing contributions in the field of 
plant operation and research. 

The officers elected for the year 
1959-60 are: 


President: Robert W. Heider, Indian- 
apolis. 

1st Vice-President: George K. Ergan- 
ian, Indianapolis. 

Secretary-Treasurer: Victor G. Wag- 
ner, Indianapolis. 


Victor G. WAGNER 
Secretary-Treasurer 
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Grounds Maintenance Equip- Lumber | Industrial Materials Co. 
ment and Supplies Vulcan Materials Co. U. S. Pipe & Foundry Cc 
Homestead Valve Mig. Co R. D. Wood Co. 


=. Manhole and Inlet Castings *ipe, Clay 

Heating Rquipment for Diges- | American-Marietta Co | te Co 

Alpha. Lid. (Sele se) : apor Recovery Systems Co National Clay Pipe Mfrs., Inc 
a L witzerlan ile Materials C: ip 

Ralph B. Carter Co | lcan Material Wedge-Lock Clay Pipe Mfr 

Chicago Pump Co Masonry Building Materials | Pipe Cl i 

Dorr-Oliver Inc American-Marietta Co ( entriline C 4 

Eimco Corp. | Pe rt] and Cement Assn | Cloroben Chemical Corp 

General Electric Co. Price Bros. Co | Flexible Inc 

Infilco Inc Vulcan Materials Co | : 


Link-Belt C« Homestead Valve Mfg. Co 
Pacific Flush Tank Co Meter Boxes National Water Main Cleaning Co 
Walker Proc ess Equipment Inc Johns-Manville Sales Corp | W. H. Stewart, Inc 


Meters (Sewage, Sludge, Water, Pipe Coatings and Linings 


A Incinerators Air, and Gas) Amercoat Corp. 
Combustion Engineering, Inc Bailey Meter Co American Pipe & Construction Co 
Morse Boulger, Inc | Builders-Providence Div., B-I-F  In- Centriline Corp 
Nichols Engr. & Research Corp | dustries . Koppers Co., Inc 
Pittsburgh-Des Moines Steel Co } Burgess-Manning Co., Penn Instru- National Water Main Cleaning Co 
Walker Process Equipment Inc | ments Div Perry-Austen Mfg. Co 
ilph B. Carter Co | Stebbins Engr. & Mfg. Co 
Ion-Exchange Equipment Filtration Equipment Corp Vulcan Materials Co 
Permutit Co., Div. of Pfaudler-Per- | Foxboro Co | 
mutit Inc. | Infilco Inc | Pipe, Concrete 


Minneapolis-Honeywell Regulator Co., American Concrete Pressure Pipe 
Insect Control | Brown Instruments Div Assn 
Cloroben Chemical Corp | Rockwell Mfg. Co American-Marietta Co 
Glenn Chemical Co Roots-Connersville Blower, Div. of American Pipe & Construction Co 
Leeco Chemical Co., Div. of Leeco Dresser Industries Inc Gray Concrete Pipe Co., Inc 
Gas & Oil Co Sin iplex Valve and Meter Co Lock Joint Pipe Co 

' Worthington Corp Portland Cement Assn 

Inspection, Sewers 


Price Bros. Co 


Centriline Corp ‘ Mixing Devices Vulcan Materials Co 
Industrial Pipe Repair Corp Alpha Ltd. (Switzerland) 
National Water Main Cleaning Ce American Well Works Pipe, Fiber 


Ralph B. Carter Co 


Brown Co. 
Instruments, Recording and | Chain Belt C 


Control (also see Controls and Dorr-Oliver Inc Pipe Fittings 

Recorder - | Eimco Corp American Cast Iron Pipe Co 
Bailey Meter Co Infileo Inc Cast Iron Pipe Research Assn 
Builders-Providence Div., B-I-F In- | leffrey Mfg. Co Keasbey & Mattison Co 


dustries Valker Process Equipment Inc 
Burgess-Manning Co., Penn Instru- A 
_ments Div / S. Pipe & Foundry Co 
Fischer & Porter Co Motors : Wedge-Lock Clay Pipe Mfrs 
Fisher Scientific Co Chicago Pump Co R. D. Wood Co. 
Foxboro Co Fairbanks, Morse & Co 


General Electric Co lectric Co Pipe Jointing Materials (see 


Infilco Inc Co. Jointing Materials) 
Minneapolis-Honeywell Regulator Co., | Westinghouse Electric Corp. 


Price Bros. Co 
, Western Machinery Co Smith-Blair, Inc 


Brown Instruments Div Worthington Corp | Pie ng: 
Ohmart Corp | Amercoat Corp 
o > fz. Ce | Evanit c Co 
Westinghouse Electric Corp | Airkem Inc . | Pipe, Repairs 
| Cloroben Chemical Corp | Centriline Corp 
? Florasynth Laboratories, Inc | Industrial Pipe Repair Corp 
Jointing Materials : Tennessee Corp | Smith-Blair, Inc 
American Concrete Pressure Pipe | Wallace & Tiernan Inc | 
Assn Pipe, Steel 


Gray Concrete Pipe Co., Inc Odor Counteractants 


American Pipe & Construction Co 
if 


nes & Mattison Co Airkem Inc. Armco Drainage & Metal Products, 
National Clay Pipe Mfrs., Inc Inc 

Package Treatment Keasbey & Mattison Co. 


Chain Be it Co . Plastic Pipe Products 
Chicago Pump Co. Amercoat Corp 

Dorr Oliver Inc. Evanite Plastic Co 
Infilco Inc Keasbey & Mattison Co 


Wedge-Lock Clay Pipe Mfrs 


Joints, Mechanical 
American Cast Iron Pipe Co 


ohns-Manville Sales Corp. Municipal Service Co } 
— Blair, Inc Smith & Loveless, Inc. | Publications 
U. S. Pipe & I undry ( Yeomans Brothers Co Rheinhold Publishing Co 
Wedge Lock C lay Pipe Mfrs | Packing John Wiley & Sons, Inc 
| Johns-Manville Sales Corp Push 
Laboratory Equipment and | Keasbey & Mattison Co. Bailes. Meter Co 
Supplies | y: 


Paints and Protective Coatings | Builders-Providence Div., B-I-F In- 


Equipr nent Corp Amercoat Corp 
Fisher Scientific ( * : | Inertol Co., Inc Burgess-Manning Co., Penn Instru- 
General Chemical Div., Allied Chem- | x ppers Co., Inc ments Div 
ical Corp | Perry-Austen Mfg. Co Chicago Pump Co 
Stuart Corp. Pittsburgh Coke & Chemical Co | Fischer & Porter Co 
7 s mith & Loveless, Inc. Foxboro Co. 
_, sal Inc Stebbins Engr. & Mig. Co General Electric Co 
Tex-Vit Supply Pipe, Asbestos Cement ator Co., 
Industrial Materials Co. Ro Mi 
Lighting Fixtures Johns-Manville Sales Corp. ‘th & L Inc 
Westinghouse Electric Corp. Keasbey & Mattison Co. 
Lubricants Pipe, Cast Iron Westinghouse Electric Corp 
Homestead Valve Mfg. Co. American Cast Iron Pipe Co. Worthington Corp 


Johns-Manville Sales Corp Cast Iron Pipe Research Assn Zimmer & Francescon 


ty 
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INCREASED EFFICIENCY FOR MEASURING OF FLOW 


Completely Mew TRANSMITTER INDICATOR 


The addition of a completely new 
design Burgess-Manning Transmitter 
Indicator for the Burgess-Manning 
Type “ML” Meter (measuring of flow 
through Parshall flumes) and the Type 
“MN" Meter (measuring of flow 
through Open Flow Nozzles) has 
increased the overall efficiency and 
versatility of these two outstanding 
Meters for the accurate measurement 
of flow. 

Now... ata glance... you get 
o “visual answer" for direct indica- 
tion of flow at point of measurement 
...data essential to many plant 
operations. 

The. Burgess-Manning Transmitter 
Indicator consists of a standard 6-inch 
pressure gauge case of cast iron 
weatherproof construction, with self- 


centering plug on a light rod or 
tubing, weight loaded to a contact 
core. 

The addition of the new Transmitter 
Indicator to the already outstanding 
Burgess-Manning Type “ML” and 
Type “MN" Meters for flow measure- 
ments not only provide meter installa- 
tion simplicity; new construction econ- 
omies; and mini int Bece 
but now furnishes first-hand data on 
indication of flow at point of meas- 
urement. 

Your Burgess-Manning represent- 
ative will tell you how the complete 
Burgess-Manning Type “ML” and 
“MN" Meters with Transmission Indi- 
cator will solve your “Indicator” 
requirements. Write for complete 
data. 


BURGESS-MANNING COMPANY 


Penn Instruments Division 


4122 Haverford Avenue @ Philadelphia 4, Pa. 


Challenging opportunity with 
partial emphasis on research for 
Senior Sanitary Chemist with 
Erie County Laboratory, Buf- 
falo, New York. Salary range: 
$7,180. to $9,220. with four $510 
yearly increments, first increment 
awarded six months after service. 
Duties: Supervise and participate 
in responsible chemical, bacterio- 
logical and radiological studies 
and examinations of water, sew- 
age, milk, waste, air, ete., in con- 
nection with an environmental 
sanitation program in a public 
health laboratory. Participate 
in field studies. 


Applications should sub- 
mitted to Mr. Joseph Puleo, As- 
sistant Director, Erie County 
Laboratory, 2100 City Hall, Buf- 
falo 2, New York. 


Applications are now being re- 
ceived for the position of Super- 
intendent of Sewage Collection 
and Treatment in Ridgway, Penn- 
sylvania. Plant is designed to 
serve 8,000 people, with construc- 
tion to begin fall, 1960 and pro- 
vide high degree treatment. Fa- 
cilities include standard rate fil- 
ters, sludge digestion and drying 
beds. 


Services of Superintendent de- 
sired as inspector during con- 
struction. Salary will be fully 
commensurate with ability. 


Written applications only, in 
duplicate, will be considered, and 
must state experience, age, educa- 
tion, present and expected salary. 
Address Mr. F. 8. Mott, Chair- 
man, Ridgway Municipal Author- 
ity, Ridgway, Pa. All replies will 
be held in strict confidence. 
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Pumps, Airlift 
Daveo Corp 
Walker Process Equipment Inc 


Pumps, Chemical Feed 


Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Indust nc. 


Sutorbilt Corp 
Pumps, Grit 
Nagle P ps, Inc 
Pumps, Sewage 
Alpha Ltd. (Switzerland) 


American Well Works 
Chicago Pump Ce 
Daveo Corp 

Eimco Corp 

Fairbanks, Morse & Co. 


Gorman-Rupp Co 

Infileo In 

Marlow 
sett Cx 

Smith & Lovele Ir 

Sutorbilt Corp 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

Worthington Cory; 

Yeomans Brothers ¢ 

Zimmer & 


Pumps, Div. of Bell & Gos 


Pumps, Sludge 


Alpha Ltd. (Switzerland) 

American Wel] Works 

Ralph B. Carter ¢ 

Chicago Pt » 

Dorr-Oliver 

Eimco Cory 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc 

Infilco In 

Komline-Sanderson Engr. Corp 

Marlow Pumps, Div. of Bell & Gos- 
sett Co. 

Nagle Pumps, Inc 

Sutorbilt Corp 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery C« 


Worthington Corp 
Yeomans Brothers (¢ 
Zimmer & Francescon 


Pumps, Vacuum 


Roots-Connersville Blower, Div. of 
Dresser Industrie nc 

Pumps, Water 

American Well Works 

Ralph B. Carter Cx 

Chain Belt 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & C« 

Gorman-Rupp 

Marlow Pun Div. of Bell & Gos 


sett Co 
Wallace & Tiernar 
Worthington Cory 
Yeomans Brothers 
Zimmer & France 


Radiation 
ment 
Westinghouse Electric Cx 


Radios, Mobile 
General Electric 


Monitoring Equip- 


rp 


Recorders 2 e Instruments 
Rec t 


s-Manning 


Fisher Scientific 

Foxboro (¢ 

General Electric 

Minneapolis-H y 
Brown Instruments 

Ohmart Cor; 

Wallace & Tiernan 
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Refractory Building Materials 
Carborundum Ce 

Johns-Manville Sales Corp 

Stebbins Engr. & Mfg. Co. 


Safety Equipment 
apor Recovery Systems Co. 


Sampling Equipment 
Chicag ‘ump Ce 

Infi ne 

Lakeside Engineering Corp 
Sand, Gravel, and Stone 
Graver Water Conditioning Co 
ulcan Materials Co 
Screening Equipment 
Alpha Ltd. (Switzerland) 


American Well Works 

Chain It Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Corp 

Inf Ir 

Jeffrey Mig. Co 

Link-Belt ¢ 

Walker Process Equipment Inc. 
Z er & Francescor 


Sedimentation Equipment (als: 


ee Clarifier Equipment) 
Alp Switzerland) 
Ar | Works 
Ral irter Co 
Ch ‘ 
Dor 
Ei Corp 
Gr r Water Conditioning Co 
Ha e Co., Inc 
I Inc 
Jeffrey Mfg. Ce 
Komline-Sanderson Engr. Corp 
Lakeside Engineering Corp 
Link-Belt ¢ 
Walker Proce Equipment Inc 
Webster Mfg., Inc 
Yeon Brothers 


Sewer Cleaning Equipment 
Flexible Ir 
tead Valve 


Home Mig. Ce 
National Water Main Cleaning Co 
V. H. Stewart, Inc 


Sewer Inspection 


Sewer 


(see Inspection 


Shredders (also Comminutor 
and Grinders) 
1 Ltd. (Switzerland) 


Belt 


ikeside Engineering Corp 
1 Co 


ludge 
( 
ichols Engr 


Concentrators 


AIMS 


& Research Corp 


Sludge Flotation Equipment ( see 
Flot 


ation Equipment) 


Sludge Handling and Control 
Chai | 


in Belt ¢ 

Dorr-Oliver Inc 

Ein Corp 

Jeffrey Mig. Co 

Link-Belt (¢ 

Nichols Engr. & Research Corp 
Walker Process Equipment Inc 


Sludge Removal Equipment 
Jeffrey Mfg. Co. 


Link-Belt Co. 
Webster Mfg., Inc. 


Sludge Shredders 
Alpha Ltd. (Switzerland) 


Gruendler Crusher & Pulverizer Co. 
Jeffrey Mfg. Co. 
Sprockets 


Chain Belt Co. 
Link-Belt Co 
Webster Mfg., Inc. 


Steel Pipe Products 
Armco Drainage & Metal 
Inc 


Products, 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgear 

Alpha Ltd. (Switzerland) 
General Electric Co. 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 

Chain Belt Co 

Link-Belt Co 

Pittsburgh-Des Moines Steel Co. 
Preload Co., Inc 

Stebbins Engr. & Mfg. Co 


Television, Closed Circuit 
Industrial Pipe Repair Corp. 


Tools 
Flexible Inc. 


Transformers 
Alpha Ltd. (Switzerland) 
Ger Electric Co 
We Electric 


eral 


ah 


tinghouse 


Corp. 
Trickling Filter Equipment (see 
Filter Equipment, Filter) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters, 
m) 


1 Machine Co. 


r-Oliver Inc 

Corp 
line-Sanderson Engr. Corp 
yortioneers Div., B-I-F Industries 


Valves and Gates 


Armco Drainage & Metal Products, 


Builders-Providence Div., B-I-F In- 


rie 
Chapman Valve Mfg. Co 
DeZurik Corp 
Filtration Equipment Corp 
Homestead Valve Mfg. Co. 
Industrial Materials Co. 


lowa Valve ¢ 


Muelle ( 
Rockwell Mfg. Co 


R Connersville Blower, Div. of 
Dresser Industrie nc 

Simplex Valve d Meter Co 

A. P. Smith Mfg. Co 

Snow Gates & Valves, Inc 

Westinghouse Electric Corp 

W-K-M_ Division, ACF Industries, 
Inc 

R. D. Wood Ce 

Yeomans Brothers Co. 

Vessels (see Tanks) 

Weighing Devices 

Builders-Providence Div., B-I-F In- 
dustries 

Fairbanks, Morse & Co. 

Fisher Scientific Co 

Wallace & Tiernan Inc 
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KEY 
to 
37,000 JOURNAL Pages 
in 


Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject. and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
R435 Wisconsin Avenue Washington 16, D.C. 
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4435 Wisconsin Avenue 


Several years of joint effort between the Water 
Pollution Control Federation and the Sanitary Engi- 
neering Division of the American Society of Civil 
Engineers have produced a major addition to the 
“Manuals of Practice” series. “Design and Con- 
struction of Sanitary and Storm Sewers” has been 
designated M. O. P. #9. 


This illustrated, 12-chapter manual of 283 pages 
includes detailed coverage of project planning, in- 
vestigations, hydraulics, design, construction ma- 
terials and methods, specifications, structural re- 
quirements of storm and sanitary sewers, and 
pumping stations. 


A convenient order form for this and other pub- 
lications appears elsewhere in this issue. The man- 
ual is $7 per copy postpaid if remittance is with 


order. Federation members may purchase the man- 
ual for $3.50. 


WATER POLLUTION CONTROL FEDERATION 


Washington 16, D.C. 
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DIRECTORY OF ENGINEERS 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civie Opera Building Chicago 


ANDERS@N-NICHOLS 
Company 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Hartford, Conn. Boston 14 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Airport Design —Sewage Dispoeal 
Systems—Water Works Design and Operation —Surveye 
and Maps—City Planning — Highway Design —Construc- 
tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Illinois 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 

G. 8. Bett C. G. Garrner J. K. Laraam 
. W. Finney, Jr 

Sewerage Water Works 

Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 

Industrial Wastes 

553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 


Sewage — Gas — Water — Electricity — Industry 


Reports, Design, Supervisi 


on 


of Construction, Investigations, 


Valuation and Rates 


1500 Meadow Lake Parkway 


Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 

CLINTON L 

DONALD M 

CHARLES A 


BOGERT 
DITMARS 
MANGANARO 


IvAN L. BOGERT 
Ropert A. LINCOLN 
WILLIAM MARTIN 
Water & Sewage Works 
Drainage 
Highways 


Incinerators 
Flood Control 
Airfields 


York 16, N. Y. 


and Bridges 


145 East 


32nd Street, New 


BOWE, ALBERTSON & ASSOCIATES 


75 West St 
New York 6, N.Y 


Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 


1000 Farmington Ave 
West Hartford 7, Conn. 


BOYLE ENGINEERING 


Consulting Engineers 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus 


trial 


waste disposal problems, 


prospec- 


tive clients will expect to find your card 


Water Sewers Streets 
Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


in the 
in the 


Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE-INDU 


CONSULTATION - DES! 
CHEMICAL AND BACTERIOLOG AL 


STRIAL WASTE 
OPERATION 
LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 


Industrial Waste Control and Treatment 


508 TENTH STREET 


Laboratory Services 


DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browr S. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers 
Water - S age Ind | Wastes - Power 
Re Designs, Const tion 
rvision, Inves tions, 
Laborator 


123-125 W. Church Street Marion, Ohio 


Your firm should be 
listed here 


. the most complete Directory 


available of consultants specializ- 


ing in sewage and industrial wastes 


tre 


atment. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


New York 3, N. ¥. 


112 East 19th Street 


JOURNAL 


Advertising Pages 


These pages provide assistance to you 


when service is needed in the 

water field. The WPCF Product Guide, 
in the final pages of the JOT 

also assist the readers. 


waste 


JRNAL, 


Take advantage of the services of these outstanding consultants! 
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BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


DIRECTORY OF 
ENGINEERS 


BURNS & McDONNELL 
Engineers - Architects - Consultants 
4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—-Gas Systems 
Valuations~- Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


ONLY $75 PER YEAR 


is the cost of a_ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


JOURNAL 
Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers. 


Sanitary and 

Hydraulic 

ROY B. EVERSON 

Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


Valuations — Reporis— Research — Development 
207 W. Huron St., Chicago 10, Ill. 
SUperior 7-3339 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


JOURNAL 


Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—-Express Highways—Port and 
Terminal Works—Industria! Buildings 


11 Beacon Street 


Boston 8, Massachusetts 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Su; ply, Water Treatment, 
Sewerage, Sewage Treatment 


Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

rainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 12, La. 


816 Howard Avenue 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 


bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Appraisals, Investigations & Reports 


HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


~ » 
GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 
PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


Take advantage of the services of these outstanding consultants! 
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HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage «& Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


DIRECTORY OF 
ENGINEERS 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 


A. A. Burger . H. Moseley 
J. W. Avery E S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 


Frank C. Tolles, Consultant 
Consulting Engineers 

WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 

Leader Bldg. Woolworth Bldg. 

Cleveland 14, O New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 

Avrrep W. Sawyer 
i. E. Hupson, Jr. 


Ricaarp Hazen 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., 


New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bioss V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


HUDSON - RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
m the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 


Conaulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design—Research—Water 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 
Offices: 
East Coast West Coast 


20 Point Crescent 90 Panoramic Way 
Whitestone 57, N.Y. Wainut Creek, Calif. 


It pays to secure competent and experienced engineering advice! 
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The Jennings-Lawrence Co. 


DIRECTORY OF Civil and Municipal Engineers 


Consultants 
Water Supply, Treatment & Distribution 


ENGINEERS Sewers & Sewage Treatment 


Report Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS ONLY $75 PER YEAR 


Consulting Engineers is the cost of a professional listing 


Water Works in this space. A card here will iden- 
Sewerage & Treatment tify your firm with the specialized 
Waste Disposal sewage and industrial wastes field and 


2000 West Central Ave Toledo 6. Ohio will afford maximum prestige! 


KENNEDY ENGINEERS 
KAIGHIN AND HUGHES COMPLETE ENGINEERING SERVICE 
ENGINEERS Investigations, Reports, Design 
eae Supervision of Construction and Operation 
INDUSTRIAL WASTES DIVISION Sewerage, Sewage Treatment and 
E. B. BESSELIEVRE, MGR Industrial Waste Disposal 


STUDY - DESIGN - EQUIPMENT - CONSTRUCTION Chemical and Biological Laboratory 
. 604 MISSION ST., SAN FRANCISCO 5 
Ave. Telede 1, Obie Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. KOEBIG AND KOEBIG 


Engineers Consulting Engineers Since 1910 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, = 

Laboratory, City Planning. Water Supply & Water Treatment 


Sewerage & Sewage Treatment 


Municipal Engineering 


1312 Park Bldg. Pi t h 22, . 
38, 3242 West 8th Street, Los Angeles 5, Calif. 


LANNING Lozier Consultants, Inc. 


Sanitary Engineering Co., Inc. 
Consulting Engineers 

Water, Sewage, Drainage, and Industrial Wastes Sewerage, Sewage Disposal, 
Révarte.. Desians, “Supervision Water Supply, Water Puri- 


Of Construction and Operation fication, Refuse Disposal 
Chemical & Biological Laboratory ; 
1100 South Broad St. Trenton, N. J. 10 Gibbs Street Rochester 4, N. Y. 


Engineers 


GEORGE B. MEBUS, Ine. METCALF & EDDY 


Engineers 


‘o ; o oT 
Con ulting Engineers Water, Sewage, Drainage, Refuse and 


Water Supply Sewage Treatment Industrial Wastes Problems 
Laboratory Valuations 
Airports 
BROAD STREET TRUST BUILDING Statler Building 

GLENSIDE, PA. Boston 16 


Industrial Waste Treatment 


Take advantage of the services of these outstanding consultants! 
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Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


DIRECTORY OF 
ENGINEERS 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
C lting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrical Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 
Water Supply - Water Treatment 
Sewage and Waste Treatment 
Drainage - Rates Refuse Disposal 
25 West 43rd Street 2910 Grand Central Ave. 
New York 36, N.Y. Tampa 9, Florida 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Lovis C. McCane, Pres. 


1246 Taylor St., N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chernical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Piants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal! Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


It pays to secure competent and experienced engineering advice! 
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SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design . Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. ©. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Illinois 


1154 Hanna Building 
leveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 


CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3901 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


J. STEPHEN WATKINS 
J.S. WarKIns G. R. WatTKINS 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

446 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—<Air Pollution 
ater—Sewage 
Surveys— Research—Development— Process 
Engineering Plans and Specifications — 
Operation Supervision Analyses EF valua- 
tions and Reports 


Newtown Square Pennsylvania 


. 
WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 
Water, Sewerage, Streets, Highways. Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
Chemical Testing Lab Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - - Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Take advantage of the services of these outstanding consultants! 
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Albright and Friel, Inc. 
Alvord, Burdick & Howson 
Anderson-Nichols & Company 
Baffa, John J. 

Baker, Michael, Jr., Inc. 

Baxter and Woodman 

Beak, Thomas W. 

Bell, Howard K. 

Betz Laboratories, Inc. 

Black & Veatch 

Bogert, Clinton, Engineers 
Bowe, Albertson & Associates 
Boyle Engineering 

Brown & Caldwell 

Brown Engineering Co. 

Browne, Floyd G., and Associates 
Buck, Seifert & Jost 

Burgess & Niple 

Burns & McDonnell 

Camp, Dresser and McKee 
Capitol Engineering Corp. 
Chester Engineers, The 
Consoer, Townsend & Associates 
Everson, Roy B 

Fay, Spofford & Thorndike, Inc. 
Finkbeiner, Pettis & Strout 
Fromherz Engineers 


Gannett Fleming Corddry & Carpenter, 


Gibbs & Hill, Inc. 
Gilbert Associates, 
Greeley & Hansen 
Haskins, Riddle & Sharp 


Inc. 


Havens and Emerson 
Hazen and Sawyer 
Henningson, Durham & Richardson, Inc. 


lication of this journal. 


Horner & Shifrin 
Hudson-Rumsey Co., 
Ingram, William T 


Inc. 


Jennings-Lawrence Co. 
Jones, Henry & Williams 


Kaighin and Hughes 
Kennedy Engineers 
Knowles, Morris, 
Koebig & Koebig 


Lanning Sanitary Engineering Co. 


Inc. 


, Inc. 


Lozier Consultants, Inc. 


Mebus, George B., 
Metcalf & Eddy 


Inc. 


Nussbaumer, Clarke & Velzy, Inc. 


O’Brien & Gere 
Parsons, Brinckerhoff, 


Quade & Douglas 


Piatt & Davis and Associates 
Pirnie, Malcolm, Engineers 


Purcell, Lee T. 


Resources Research, Inc. 


Riddick, Thomas M. 


Ripple and Howe, Inc. 


Robert and Company 
Russell and Axon 
Servis, 
Smith and Gillespie 
Inc. Stilson, Alden E., & 
Tighe & Bond 
Watkins, J. Stephen 
Weston, Roy F., Inc. 
Weston & Sampson 
Whitman & Howard 


Wilson & Company 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
When writing advertisers to sure to mention JOURNAL 
of the WATER POLLUTION CONTROL FEDERATION. 
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Van Doren & Hazard 


Stanley Engineering Company 
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poour.INDUSTRIAL PROCESS WATER 
CLARIFICATION AT an = CORP., FONTANA, CALIF. 


37MGD 


Waste water treatment at Kaiser Steel Corpora- 
tion’s Fontana, California Works includes facil- 
ities for handling blast furnace flue dust washer 
t strip mill process water. A com- 
37 MGD indieates the importance 
vater treatment—from a conservation 

as well as operating economy. 
les, encountered in steel 
juipment designed to move 
abrasive sludge with as little 
Walker Process Tractor 
lly suit these conditions. 


as } ossible 
ers ¢ spec li 
the basin utilizes 

high rotational 


force with a minimum of gear reducer effort. 


This feature also permits the use of simpler, 
more accessible gear reducers which simplify 
maintenance and adds years to the service life 
of the unit. 


In addition to Tractor Drive Thickeners, 
Walker Process manufactures sludge collector 
units for all types and sizes of applications— 
cireular, i, center drive units, either pier 
or bridge supported and rectangular mechanisms. 

Write for inforniation on equipment for the 


treatment of municipal water and sewage and 
industrial liquids, 


NEERING OFFICES + 
AURORA, ILLINOIS 
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OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 


RUBBER and CONCRETE JOINT 


REINFORCEMENT 


RUBBER 
. 


worth, N. J. 
ord, Conn. 
Haven, Conn. 


i, Fla. 
im Beach, Fila. 


LONGITUDINAL NOMINAL PIPE 
REINFORCEMENT DIAMETER 


SEWER AND CULVERT PIPE PLANTS: 


Beloit, Wis. Denver, Colo. 
Chicago, III. Cheyenne, Wyo. 

Rock Island, lll. Casper, Wyo. 

Valley Park, Mo. Tucumcari, N. Mex. 
N. Kansas City, Kans. Hato Rey, Puerto Rico 
Tulsa, Okla. Carolina, Puerto Rico 
Oklahoma City, Okla. Ponce, Puerta Rico 
Wichita, Kans. Caracas, Venezuela 


East Orange, New Jersey 


Pressure Water + Sewer » REINFORCED CONCRETE PIPE « Culvert » Subaqueous 


Delivery of Roller Suspension Sewer Pipe 1960. 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


JOINT 


PiPk CO. 


= ‘s 
’ Delivery of Havana Sewer Pipe 1907. 
— 
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mamester, N.Y. 
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rn oO Because a V-notch Chlorinator needs no auxiliary water sup} 


You can plan on clean, dry chlorinator rooms with no 


asie messy drain—no chlorine gassing back. And best of all... 
wate = gone forever is the high cost of wasted auxiliary water. 


from a And, of course, the right plastics make the whole 


V-noich 


chlorinator chlorine-proof. 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlorine control. The kind 
of control you get only with a W&T V-notch Chlorinator. 
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A booklet, “The V-notch Story” 

will tell you about all the W&T V-notch 
Chlorinator features. For your copy 
write Dept. S-129.8%4 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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